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No. 132. Vol. 20. 


A Method for the Determination of the Alcohol Content 
and Water Tolerance of Alcohol-Petrol Blends.* 


By W. R. Ormanpy, D.Sc., F.LC., F.C.S., M.I.A.E. (Member), 
T. W. M. Ponp, B.Sc., and W. R. Daviess, B.Sc. 


SUMMARY. 
A practical method for determining 


(a) Aleohol content by volume ; 
(6) residual water tolerance in c.c. per gallon 


of any alcohol-petrol blend. The principle depends on the addition of a 
standard excess of water to given volumes of the blend causing separation 
after agitation and measurement of the alcohol-rich layer in each case (a) being 
used in determining (b). A description of the apparatus, consisting of two 
vessels and pipette contained in a case, which serves as a support during the 
test, is given. 

The theory and experimental work for obtaining the data, as well as the 
graphical work for the establishment therefrom of the complete residual water 
tolerance and alcohol content tables, are fully described. The influences of 
temperature and added benzole are discussed. Instructions and tables for 
ordinary temperatures for use at mixing stations are given in an Appendix. 


INTRODUCTORY. 


Much of the criticism levelled against alcohol-petrol motor 
fuels has been centred on their liability to separation into two 
layers with only a small addition of water. This criticism may 
possibly have had some justification when, some years ago, alcohol 


of 95 per cent. volume strength was alone available in bulk for 
blending. Now that low-cost dehydration to upwards of 99-5 per 
cent. guaranteed volume strength is a well-established commercial 
proposition, the criticism loses most of its force. The danger. 
with due care at the blending station, disappears. Blends now 
put on the market have a generous margin of safety from liability 
to separation and, with their increasing use, it becomes a matter 
of importance to be able to determine and confirm this margin 
with ease and accuracy. 

The subject has acquired a nomenclature which is possibly 
rather specialised and may merit brief explanation. The margin 
of safety is expressed in terms of water tolerance, by which is meant 
the proportion of water which may be added to the aleohol-blended 
fuel without causing separation. The units usual in this country 
are cubic centimetres per Imperial gallon of the blend. Despite 
the strange alliance of British and metric systems, these units 
are considered in practice to give a fair picture of the case. 


DEFINITIONS. 


1. Maximum, or Total, Water Tolerance.—This denotes the 
number of c.c. of water which can be taken up without separation 








* Paper received February 28th, 1934. 
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by an Imperial gallon of an initially anhydrous alcohol-blended 
fuel. This number of c.c. increases with temperature and with 
the alcohol content of the blend, and also varies with the composi- 
tion of the hydrocarbon constituent. 


2. Residual Water Tolerance.—{his refers to the number of 
c.c. of water which can be taken up as a further quantity without 
separation by an Imperial gallon of a given alcohol-blended fuel 
in tls actual state. The residual will equal the maximum figure 
only if the fuel be anhydrous. When this figure of residual toler- 
ance falls to zero, the fuel will cloud and will be on the verge of 
separation. 

3. Exhausted Water Tolerance.—This is the difference between 
the maximum and residual water tolerance, and corresponds to 
the number of c.c. of water actually present in an Imperial gallon 
of a blend. This, again, may vary between zero when the fuel 
is anhydrous and the maximum when it is on the verge of separation. 


Object of the Research.—The present work was undertaken for 
the purpose of finding a method for determining the alcohol content 
and the actual margin of safety, expressed as residual water toler- 
ance, possessed by a given sample of an alcohol-petrol blend. 
The final procedure had obviously to be reduced to rule-of-thumb 
lines, eliminating calculation and requiring the minimum of direct 
observation in simple apparatus. 

The Appendix gives the instruction sheet for the routine method 
in the simplest form finally worked out, together with the two 
tables for reading off alcohol content and residual water tolerance. 


Principle——The principle of the method depends on causing 
separation of a measured volume of the blend into two phases 
by the addition of a standard excess of water and measuring the 
volume of the lower alcohol-rich layer which settles out after 
thorough agitation. The limitations imposed by considerations 
of maximum water tolerance govern this separation, and these 
considerations can best be understood by reference to Fig. 1. 
This gives the curves of maximum water tolerance for blends of 
varying proportions of ethyl alcohol with typical constituents of 
petrol, as well as with petrol itself. 

The range covered along the horizontal axis is from 76 per cent. 
to 93 per cent. hydrocarbons present by volume in the mixture, 
the difference from 100 being, therefore, the absolute alcohol 
content of the anhydrous blend. The vertical axis shows the 
maximum water tolerance in the customary units, the temperature 
at these determinations being 15°C. The petrol exemplified is 
Shell No. 1, and the other hydrocarbons were chemically pure of 4 
standard indicated in a separate paper dealing specifically with 
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this work. The relative positions of the curves indicate the kind 
of influence which an increase in proportion of either unsaturated 
or saturated hydrocarbon would exert on a petrol. It has, how- 
ever, been found in the work mentioned that the behaviour of a 
hydrocarbon mixture cannot in this respect be predicted quantita- 
tively from that of its separate components. The property of 
water tolerance is not purely additive, so that the curves repro- 
duced in Fig. 1, whilst accurately depicting the behaviour of 
individual hydrocarbons when blended with alcohol, must be 
taken as merely indicative of what happens in mixtures of these. 
Each petrol, being a mixture of hydrocarbons, thus remains a 
law to itself in respect of maximum water tolerance in alcohol 
blends. 
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Considering the curve for petrol in Fig. 1, it will be observed 
that it is substantially a straight line over the range given, but 
this straight line cannot be produced to cut the line of zero tolerance 
at 100 per cent. petrol and the exact course of the curve, moreover, 
cannot be experimentally determined by direct observation in 
the region above 93 per cent. hydrocarbons, the quantity of water 
entering into the question being too small for dependable repro- 
duction of the clouding of the mixture, which is taken as the end- 
point. Similarly, the curve does not continue in a straight line 
in the opposite direction, but at high alcohol contents becomes 
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asymptotic to the water tolerance axis, tending to infinite tolerance 
at 100 per cent. alcohol. 

Take a mixture represented by the point A in Fig. 1. This is 
a mixture which in the anhydrous state consisted of 82-5 per cent. 
petrol with 17-5 per cent. absolute alcohol by volume, but which 
already contains 15 c.c. of water per Imperial gallon. The maxi- 
mum tolerance of the anhydrous mixture is 34-2c¢.c. (read off 
on the petrol curve at a point vertically above A). The residual 
tolerance of the actual mixture is therefore the difference, 19-2 c.c. 
Now, suppose that water be added to this mixture, always with 
thorough shaking after each water addition to re-establish the 
equilibrium. Then the point A will travel vertically upward 
until the line of maximum tolerance for petrol is reached. The 
mixture remains clear anywhere in the region below the line, 
the line itself corresponding to the state of cloudiness denoting 
incipient formation of a second phase. If still more water be 
added after this state is reached, and equilibrium be attained 
again by thorough agitation, the volume of the second phase 
will be increased and form a separate layer on settlement. The 
point A cannot travel beyond the line, nor indeed can any homo- 
geneous mixture exist in the region above the line. The individual 
composition of the two layers so formed will be represented by two 
points, both of which must lie on the line. Further, the greater 
the excess of water, the greater the distance between these two 
points along the line, until with a very great excess the layers 
tend to become pure petrol and dilute alcohol respectively. An 
addition of petrol will have the same effect as one of water, whilst, 
on the other hand, an addition of alcohol will reverse the effect, 
tinally, with a sufficient addition, restoring the mixture to the 
homogeneous state. 

It is evident that if the equation to the entire curve of maximum 
water tolerance for alcohol blends for a given hydrocarbon at each 
temperature could be established, then the data would exist for 
straightforward calculation of the volume of the two layers in 
equilibrium. The indeterminate portion of the curve towards 
100 per cent. petrol, apart from its change of form in the lower 
hydrocarbon region where it becomes asymptotic to the water 
tolerance axis, definitely excludes this method of calculation and 
consequently the experimental procedure to be described, though 
tedious, is unavoidable. 

It has already been noted that the greater the excess of water 
added, the more complete will be the extraction of alcohol from 
the alcohol-petrol blend. The aqueous extract will form a lower 
layer in which the alcohol is so diluted that only a vanishingly 
small proportion of petrol will remain in this layer, or of alcohol 
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in the petrol layer. In such a case, if the alcohol-petrol blend 
already contains a small amount of water, this will not appreciably 
affect the volume separated, as the water added to bring about 
the separation is relatively large. This is the ideal to be aimed 
at in framing a test for determination of the alcohol content of a 
fuel, in which it is desirable to be able to ignore the initial water 
content of the sample. On the other hand, if it be desired, as is 
the case for the determination of residual water tolerance, that the 
effect of the water initially present be so magnified as to be 
measurable, then the addition of water must be of a relatively 
small order, although sufficient to bring about separation. 














, Volume Separated. 











, Water added to Blend! 


Fic. 2. 
VOLUME SEPARATED % FROM VARIOUS ALCOHOL-PETROL BLENDS BY DIFFERENT 
WATER ADDITIONS IN » A ON BLEND. 

The above considerations are graphically illustrated in Fig. 2. 
{f successive small amounts of water are added to a measured 
volume of alcohol-petrol blend containing between 10 and 20 per 
cent. alcohol by volume, the corresponding volumes separated. 
after the requisite thorough mixing after each water addition. 
follow a curve of the type of those shown. The full-line curves 
show the effect on the blends initially anhydrous and containing 
10, 15 and 20 per cent. alcohol respectively. There is also included 
for comparison a dotted curve indicating the course of separation 
for a 15 per cent. alcohol-petrol blend which had an initial water 
content of almost the maximum possible without separation. It 
will be seen that when the amount of water added is of the order 
of 5 per cent. of the volume of the sample the addition constitutes 
4 sufficient excess so to flatten the curves that, whether the volume 
separated be from an anhydrous blend or from one (represented 
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by the dotted curve) having no residual tolerance, the results are 
within narrow limits identical. The position of a curve in Fig. 2, 
where it cuts the vertical through the point C, at 5 per cent. water 
addition, therefore depends only on the percentage of alcohol 
present in the blend tested and not on its water content. 

On the other hand, when the water addition is of the order of 
only one-half of 1 per cent., the relevant portions of the curves 
in Fig. 2 are very steep. Small variations in the amount of water 
present, or added, will have substantial effects in changing the 
volume separated. For example, a 15 per cent. alcohol-petrol 
blend, the volume of the layer separated on this small addition 
of 0-5 per cent. will vary from zero with an anhydrous mixture of 
maximum tolerance (shown by the full line curve with origin 
at B) to 7 per cent. on a mixture of the same alcohol content but 
having no residual tolerance (shown by the dotted curve originating 
at A). Using a convenient 500 c.c. sample for the test with a 
standard 2-5 c.c. (i.e., 0-5 per cent.) water addition, this variation 
in separated volume between 0 and 50c.c. (i.e., 10 per cent.) 
presents a sufficiently wide range of readings for accurate sub- 
division of the corresponding range of initial water content. This 
water content, though it cannot itself exceed 2-5 c.c. in the bulk 
of the sample taken from a homogeneous blend, is thus shown, 
when measured in volume separated, on a scale magnified about 
20 times. 

It is convenient for the purpose of the alcohol content test to 
reduce the bulk of sample to 50 c.c., retaining the same standard 
water addition of 2-5 c.c., giving the required 5 per cent. on the 
sample. Accordingly, two vessels were used in the research and 
are recommended for the routine method worked out. 


APPARATUS. 

Fig. 3 shows the two vessels in their position in the case as used 
in practice. When open, with the hinged lid thrown back, the case 
acts as a stand to hold the vessels while the bottom layer is separ- 
ating out. The two (one spare) pipettes are held by clips on the 
inside, whilst the practical tables (see Appendix) are attached on 
a printed sheet to the inside of the door. A rubber pad on the 
inside of the hinged lid allows the vessels to be held tight when the 
box is shut and being transported. The box is about 17 in. high. 

Each vessel has a wide cylindrical body tapering at the base 
into a graduated stem. The smaller vessel, of 75 c.c. total capacity, 
has the lower narrow stem graduated to l5c.c. in tenths, with 
one mark on the body at 50 c.c. leaving a shaking space of 25 c.c. 
above the 50 c.c. sample, taken for the alcohol content determina- 
tion. The larger vessel for measuring the residual tolerance has 4 
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single gauge mark on the body for a 500c.c. sample. The total 
capacity is about 750 c.c. with the lower stem graduated in cc. 
to 100. 

Both vessels are of stout glass and so made where the stem 
joins the body that no shoulders are left on which globules falling 
to the lower layer might be retained. In the initial work a thermo. 
meter was fitted through the rubber stopper used to close the 
vessels during agitation. It will appear from the tables as finally 
constructed that the temperature factor is not of such importance 
as to make desirable the use of thermometer in routine tests of 
water tolerance, whilst the determination of alcohol content in 
the smaller vessel was found to be even more independent of 
temperature. Stands for holding the vessels vertically and pipettes 
(reduced in the recommended routine procedure to one single 
mark pipette of 2-5 c.c. capacity) completed the equipment. The 
case to hold the vessels in practice is designed to serve as the 
stands. 

MATERIALS. 

The materials used in the research were :— 

1. Ethyl alcohol of 99-5— 99-8 per cent. volume strength, varying 

from batch to batch, and for which accordingly the appropriate 

water correction to absolute was applied. 
2. Cleveland Petrol, as purchased from garage pump. 
Summer Shell No. 1, ditto. 
A special racing spirit, consisting of 40 per cent. by volum 
of 95 per cent. volume strength alcohol, denatured by pyridine, 
and blended with 60 per cent. of motor benzole. 


5. B.D.H. toluene rectified. 
6. B.D.H. benzene crystallisable. 


~ 9 


Ordinary tap water was used throughout the work. Mixtures 
of known proportions were prepared containing from 10 to 20 per 
cent. alcohol by volume, within which limits almost all commercial 
blends of alcohol-petrol fuel lie. 


PROCEDURE. 

As first step in the procedure, several of these mixtures wef 
made up with petrol and tested in the small vessel by shaking 
2-5e.c. of water with 50c.c. of the sample, controlling th 
temperature in a large water bath and noting the volumes 
separated. These tests gave with accuracy the series of points 
already referred to as lying on the vertical drawn through C. i 
Fig. 2, and which when replotted as volume separated against 
the percentage of alcohol present in the mixture, gave the curve 
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reproduced in Fig. 4. The 5 per cent. water addition taken was 
great enough, as explained above, to cancel variations due to the 
presence of the water present in the original blend. In Fig. 4 is 
also a shadow line above the main curve, indicating the maximum 
error Which could thus arise. This error is seen to vary from one- 
half of 1 per cent. read at 10 per cent. to three-quarters of 1 per cent. 
read at 20 per cent. of alcohol. 
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VOLUME SEPARATED IN €.C. BY ADDITION OF 2-5 C.C. OF WATER TO 50.C. OF 


BLEND, AGAINST %, OF ALCOHOL IN BLEND BY VOLUME. 


After determination of the actual residual water tolerance of 
any sample, a correction could be made to the true absolute alcohol 
content provided that the maximum tolerance of the corresponding 
anhydrous mixture, and hence the actual water content, were 
known. Reference back to Fig. 4 would enable fair approximation 
between the shadow (for mixtures of no residual tolerance) and the 
full line (for anhydrous mixtures). No correction for temperature 
isinvolved. The above tests were repeated at various temperatures 
and showed that the volume separated was for all practical purposes 
unaffected by variations within the extremes of 5° and 25° C., 
taken as normal for this country. 

The experiments establishing the tables of residual water toler- 
ance were carried out in the larger vessel. The work was done 
on a number of blends of various proportions of alcohol with 
petrol. The maximum water tolerance of these blends in the 
anhydrous state had already been determined at various tempera- 
tures in connection with other work, and the summarised table of 
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these independent results, which are used in the later determina- 
tions, appears below :— 


Maximum Water Tolerance of Anhydrous Alcohol Blends with Petrol. 





Temperature °C. 
Alcohol content 

per cent . - 
by volume. - | | 





10. 15. 20 





Units: c.c. per Imperial Gallon. 








10-0 12-02 13-67 15-32 16-380 18-27 
12-5 16-20 18-05 19-85 21-90 23-90 
15-0 20-48 22-88 25-35 27-63 30-03 
17-5 24-91 27-96 30-76 33-56 36-31 
20-0 29-49 33-02 36-54 40-42 44-29 











Samples of 500 c.c. were taken and the initial water addition 
by graduated pipette was in each case a convenient number of 
tenths of a c.c. approximating to the degree of tolerance shown in 
the above table. The units in the table being c.c. per gallon of 
4546 c.c. and the sample being 500 c.c., the amount of the initially 
added water was conveniently found by dividing by 9. The 
further successive additions were so erdered as to reach the higher 
limit of the required range in some eight or ten convenient steps. 
At each addition the temperature was adjusted by the water 
bath to within limits of variation of +-0-5° C. from the desired figure. 
After the temperature had been thus stabilised, the vessel was 
quickly and thoroughly agitated and immediately returned to the 
water bath to ensure that the partition conditions were not affected 
by change of temperature during separation. 

At each water addition four or five points were in this way 
determined over the range of 5° to 25°C. The observed volume 
separated was plotted against temperature, a separate curve being 
thus obtained for each water addition to each separate blend of 
different alcohol strength. Figs. 5, 6 and 7 show the curves for 
the 10, 15 and 20 per cent. alcohol blends selected as examples. 
The remaining sets of curves obtained for intermediate alcohol 
strengths, but not here reproduced, show a gradual change in 
form and direction with changing percentage of alcohol. The 
figures at the end of each individual curve signify the total amount 
of water causing the corresponding separation. The fact that 
these figures are not round numbers is due to the correction applied 
to convert to the absolute basis the 99-5-99-8 per cent. alcohol 
used. The amount of water unavoidably introduced in the prepara- 
tion of the blend has thus been added to the volume pipetted in 
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order to arrive at the total water present. These observations 
completed the experimental part of the work, continued from this 
stage by graphical methods. 


GRAPHICAL. 

Reading off points on the vertical lines cutting the curves 
exemplified in Figs. 5, 6 and 7, further sets of curves were plotted 
showing the volume separated against total water present in the 
500 c.c. sample at definite temperature but for varying alcohol 
strengths. Fig. 8 shows the result of this plotting at 15° C. for 
blends containing the proportions of alcohol indicated by the 
percentage figures at the ends of the respective curves. It will 
be noted that these curves show, on a larger scale and with greater 
accuracy, the lower portion of Fig. 2. The points marked B. on 
Figs. 2 and 8 are identical. 

The figures of importance for practical purposes, as indicating 
the actual margin of safety, being the values of residual water 
tolerance as opposed to total water present or exhausted tolerance 
it remained to effect the appropriate conversion from exhausted 
tolerance to residual tolerance by the following steps :— 

1. In the set of curves typified in Fig. 8, selected values of volumes 
separated were taken at regular intervals over the whole range of 
temperature and alcohol content, against which were written 
down the corresponding amount of total water present in c.c. per 
500 ¢.c. sample in each case. 

2. The standard water addition of 2-5c.c. was subtracted from 
each of the figures in 1 above, representing amount of total water 
present. 

3. The remainder in each case (corresponding to the initial water 
content) was multiplied by 9-09 to convert from c.c. per 500 c. 
to c.c. per Imperial gallon. 

4. The resulting figure, expressing the exhausted tolerance, 
was subtracted from the total tolerance of an anhydrous mixture 
of the same alcohol content. This total tolerance had already 
been determined as earlier described and appears in the table 
summarised above. 

The series of figures thus obtained in 4 was plotted against 
corresponding series of volumes separated, selected for reading in 
l above. The results for 25° and 5° C. appear in Figs. 9 and 10. 
These show residual tolerance against volume separated by the 
adopted standard addition of 2-5 c.c. of water per 500 c.c. sample 
The curves given are for each 1 per cent. interval in alcohol content, 
from 20 to 10 per cent. reading downwards. It will be noted that 
the curves converge on 22-7 c.c. per gallon (i.e., 9-09 times the 
standard addition of 2-5.¢.c.) along the residual tolerance axis, 
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2-5¢.c. Such a blend is clearly well out of the danger zone, and 
the table, despite this limitation, yet has sufficient scope. 
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VOLUME SEPARATED AT 25°C. From 500c.c. BY 2-5.¢.C. WATER AGAINST 
RESIDUAL TOLERANCE FOR BLENDS OF 10—20°, ALCOHOL. 


The area enclosed by the sweeping curve and the tolerance axis 
denotes the limiting tolerance (i.c., the maximum tolerance in the 
anhydrous state) for blends in the lower part of the range of 
alcohol content studied. Corresponding blanks appear in the tables. 

RESULTS. 

These tables at 5°, 15° and 25° C. are given to the nearest tenth 
of a c.c. of tolerance per gallon for each 5 c.c. increase in volume 
separated from the 500 c.c.sample. It is remarkable, and fortunate 
for practical routine purposes, that the influence of temperature 
may be ignored. Therefore, in the appendix of instructions 
only the 15° C. table is given in figures rounded off to the nearest c.c 
Actually the temperature effect increases with rise in temperature 

~i.e., the results at 15° C. are much nearer to those at 5° C. than 
to the 25° C. results. 

The above work having been established and confirmed on 
Cleveland No. 1, it remained to investigate with what accuracy 








Volume separated c.« 


VOLUM 


Pet 
very 
both | 
irom: 
use O 
much 
10-1; 
table: 
ileoh 
table: 
high 
refere 
effect 
ileoh 


lise: 









and 


sessed 








ORMANDY AND OTHERS : ALCOHOL-PETROL BLENDS. 927 


the results can be applied to alcohol blends with other fuels, bearing 
in mind the known influence of various hydrocarbons on maximum 
tolerance of anhydrous mixtures noted at the beginning of the work 
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Residual Tolerance in ¢.c. per gallon, 
Fic. 10. 


ILUME SEPARATED AT 5°C. FROM 500c.c. By 2°5C.C. WATER AGAINST 
RESIDUAL TOLERANCE FOR BLENDS OF 10-20°f ALCOHOL. 


Petrol enriched with toluene up to 5 per cent. gave results in 
very close agreement with the tables established on petrol alone, 
both on the large and small vessels. When greater proportions of 
womatics are added—e.g., 20 per cent.—an error arises in the 
ise of the smaller vessel, which will indicate an alcohol content as 
much as 0-5 per cent. low. In the limits of lower alcohol strength, 
(0-15 per cent., the error is in some measure eliminated in the 
tables of residual tolerance, if the low, as opposed to the true. 
ilcohol reading is used when reading them. The rounded-oft 
tables in the appendix eliminate this error still further. With 
high percentages of added benzole, the maximum tolerance, as 
reference back to Fig. 1 will show, is so greatly increased that the 


eflect on the residual tolerance, especially in the region of higher 


ilecohol strength, 15-20 per cent., becomes marked, as will now be 
liseussed. 
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FURTHER ADDITIONAL BENZOLE. 


The effect of substituting benzole for petrol in alcohol-petrol 
blends is indicated in Fig. 11. These results were obtained on 
petrol, and a benzole consisting of 30 per cent. toluene and 70 per 
cent. benzene. The actual petrol percentage may in each case 
be found by subtracting from 100 the percentage of benzole 
read from the horizontal axis plus the alcohol percentage for the 
curve under consideration. It is to be noted that the total aromatic 
content is not identical with this benzole content as the petrol itself 
initially contains aromatics. 
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INFLUENCE OF BENZOLE REPLACING PETROL IN VARIOUS ALCOHOL BLENDS 
MEASURED IN TOTAL TOLERANCE. 


Taking two cases for example, in each of which one-third of the 
petrol content is replaced by benzole to produce a new blend, we 
have the changes in composition of the blend and the change in 
maximum water tolerance indicated in the following table :— 





Example 1 Example 2 


| (a) | (b) (a). (b) 
Alcohol % vol. : 
Petrol % j 5s 
Benzole %, | 


Water Tolerance in c.c. 
gallon 
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Thus it will be noted that substitution by benzole has in the 
frst example given an increase of 56 per cent. in the water tolerance, 
whilst parallel substitution in the second example gives an increase 
of 82 per cent. 

Alcohol is roughly twice as effective as benzole as an anti-knock 
agent. Accordingly, it is in general not politic to add to a petrol 
any considerable proportion of benzole, as well as alcohol, to 


TABLE A. 


Separation by addition of 2-5 c.c. of water to 50 c.c. of alcohol petrol ble nd. 
Temperature factor between 5° C. and 25° C.—negligible. 

















Volume Alcohol Volunx Alcohol 
Separated in vol. Separated in vol. 
in c.c. % in c.c. 0 
6-1 9-2 9-1 15-0 
6-3 9-6 9-3 15:3 
6-5 10-0 9-5 15-7 
6-7 10-3 9-7 16:1 
69 10-7 9-9 16-5 
71 11-1 10-1 16-9 
7:3 11-5 10-3 17-3 
75 11-9 10-5 17-7 
77 12-3 10-7 18-0 
7-9 12-6 10-9 18-4 
8-1 13-0 11-1 18-8 
8-3 13-4 11-3 19-2 
8-5 13-8 11-5 19-6 
8-7 14-2 11-7 20-0 
8-9 14-6 11-9 20-4 
TaBLe B ror 5° C. 


Residual Water Tolerance in c.c. of Water per Imperial Gallon, by an addition 
of 2-5 c.c. of Water to 500 c.c. of sample. 

















| 
Volume | Alcohol vol. per cent. in mixture from Table A 
separated. — 
} wc | 11 | 12 | is | 1 is | 16 | 17 is | 19 | 20 
0 23-0 | 23-0 
° 21-2 21-6 21-7 
10) Ly 19-6 19-9 20-7 20-8 
15 | 1G-s 17-6 18-2 18:7 19-7 20-0 
20 | lo l2-3 13-3 14-9 15-9 16-7 17-4 18-8 19-2 
25 6-3 9-8 11-6 13-0 14-3 15°3 16-1 73 17-8 18-33 
0 2-0 6-2 9-2 11-1 12-6 13-8 14-8 15 y2 16-9 17-4 
35 1-1 3 8-0 10-9 2-4 13°35 14 5-3 16-0 16-6 
40 1-1 7 8-3 10-9 12-2 13 14-2 15-0 15:7 
45 1-2 9 9-0 10-9 12-2 13-2 14-1 14:8 
a0 1-7 6-4 95 11-0 12-2 13-1 14-0 
55 - 2-¢ 6-3 5 11-1 12-2 13-1 
60 3°5 7-5 O38 11-2 2-3 
65 4-6 81 10-0 11-3 
70 2 5-7 i 10-3 
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TaBLe B For 15°C. 


Residual Water Tolerance in c.c. of Water per Imperial Gallon, by an addition 
of 2-5 c.c. of water to 500 c.c. of sample. 








Volume Alcohol vol. per cent. in mixture from Table A. 

separated. - : = - 
wo | u | wz] is] wu | is | 16 | 17 | 18 | 19 | 20 

——— | ‘ 
0 - 22°5 23-0 23-0 23-0 23-0 3-0 23-0 
5 - 21-0 21-3 21-5 21°5 21-7 21-8 21-9 
10 18-6 9-1 19-6 20-1 20-4 29-6 20-8 21-0 1-2 
15 15-6 16-5 7-4 18:1 13-8 19-2 19-6 20-0 20-3 20-5 
5-6 16-5 17-4 18-1 18-6 19-1 19-5 19-9 
































TABLE B ror 25°C. 
Residual Water Tolerance in c.c. of Water per Imperial Gallon. 



































| Alcohol vol. per cent. in mixture from Table A 
Volum — aun, nin ' a 
separated. | 10 | 11 12 13 4 15 16 | 17 18 19 | 20 
0 23-0 23-0 23-0 23-0 23-0 23-0 23-0 23-0 23-0 23-0 
is) - 20-1 20-5 20-8 21-0 | 21-2 21-3 21-4 21-5 21-6 | 217 
19 16-5 17-6 18-4 19-0 19-5 19-9 | 20-1 20-4 20-6 | 20-8 | 209 
15 13-2 14-9 16-1 17:1 17-9 18-4 19-0 19-4 19-7 0-0 20-2 
20 9-4 11-9 13-8 15-1 16-1 17-0 178 18:3 18:7 19-1 19-4 
25 4-9 8-1 11-0 12-9 14-2 15-4 16-5 7-2 17:8 18-3 18-6 
30 3 7-4 10-2 2-3 13-7 15-2 16-1 16-8 17-4 17-9 
35 2-7 6-7 9-3 11-9 13-9 15-0 15-8 16-5 17-1 
40 2-4 6-6 9-7 12-1 13-8 14-8 15-6 16-3 
45 | 26 | 66 | 99 | 12-2 | 13-7 | 14-7 | 15-4 
59 } | | 2:8 7-1 | 10-2 | 12-4 | 13-7 | 146 
55 | | } 3-6 76 | 106 | 125 | 138 
60 | - 4-5 a3 10-9 12:8 
65 | | 0:7 4 8-9 | 11-4 
a - | 18 | 63] 95 
75 - | 29] 7 
80 | 42 
83 | 0-8 


| 
| 


produce an improved motor spirit. The exception to this generality 
is in cases where benzole is commercially available in such large 
quantities as to make blending with petrol a useful and desirable 
method for disposing of it. This exceptional position exists in 
Germany where the only outlet for the large available surplus of 
benzole is as a blended motor fuel. The Benzol-Verband, in 
conjunction with the Reichsmonopolant, market a blend which 
contains 50 per cent. petrol, 40 per cent. benzole and 10 per cent. 
absolute alcohol, having an H.U.C.R. about equal to that of 
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70-30 petrol-alcohol mixture, containing no additional benzole. 
The prospects of a case arising in either Great Britain or the 
Dominions, in which such a blend would be marketed, appear 
extremely remote. 

It is clear that, to compile tables to meet such exceptional 
cases as the German one given above, the work could be extended, 
merely using throughout a petrol-benzole blend in place of the 
petrol used throughout the foregoing. It is probable that the 
only other alteration would have to be an increased water standard 
addition, using more than 2-5c.c., but otherwise proceeding on 
the same principles on which the original method is founded. 


APPENDIX. 
INSTRUCTIONS FOR USE. 
THE APPARATUS. 


The smaller vessel is intended for measuring the alcohol content 
of the alcohol-petrol blend in percentage by volume. 

The larger vessel is for the determination of the residual water 
tolerance—i.e., the amount of water measured in cubic centimetres 
that an Imperial gallon of the sample can still take up without 
separation into two layers. 


INSTRUCTIONS. 


1. If the sample to be tested is in a comparatively small bulk, 
it should be thoroughly mixed by shaking. If the bulk from 
which the sample is drawn is very large, it must be remembered 
that if by chance it has already separated into two layers through 
the presence of excess water and has already stood in this state for 
several days, both layers will be clear. 

2. Make certain that both vessels are clean and dry. If in doubt, 
rinse out the vessels with successive small quantities of the fuel 
to be tested and allow to drain. It is essential that no trace of 
water be left over from the previous test. 

3. Fill the small pipette with clean water, sucking up beyond 
the gauge mark. Place the forefinger over the top orifice and just 
ease the pressure, so allowing the level of the water to fall exactly 
to the gauge mark. The bottom of the curved meniscus should 
just touch the etched ring. 

4. Transfer the pipette to the mouth of the smaller vessel and 
release the water into the body of the vessel without wetting the 
inside of the neck. Allow the pipette to drain into the vessel ; 
do not blow in the last drop. 

Repeat the same operation for the larger vessel. 
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[t is imperative that this water addition be done with care in both 
cases to ensure obtaining correct results. 

5. Fill each vessel to the etched mark round the body with the 
mixture to be tested, taking care that the vessels are in both cases 
exactly upright for correct filling to the gauge mark. 

6. Securely insert the cork and shake each vessel vigorously 
for a quarter of a minute, turning upside down several times to 
ensure that the water is thoroughly mixed in. Both samples 
will cloud. 

7. Restore to the upright position and allow to settle for fifteen 
minutes. The drier the sample—i.e., the higher the tolerance— 
the slower will be the separation in the larger vessel. Twirl 
once or twice during this time to remove any drops of the lower 
layer which are held up on the surface of the glass. If the 
vessels are kept thoroughly clean, no trouble of this kind will be 
experienced. 

8. Again make sure that the vessels are exactly upright. Then 
read off to the nearest tenth of a c.c. on the graduated stem of the 
smaller vessel the volume that has separated out. 


TABLE A, 


Alcohol Content in Percentage by Volume in the Blend. 
Small Vessel. 











Volume Alcohol | Volunx | Alcohol 
separated } per cent. by separated per cent. by 
in c.c, volume in c.c volume. 
6-1 9-2 9-1 15-0 
6-3 9-6 9-3 | 15-3 
65 10-0 95 15-7 
6-7 10-3 9-7 | 16-1 
6-9 | 10-7 | 9-9 16-5 
71 11-1 10-1 16-9 
73 115 10-3 17-3 
1-5 | 19 10-5 | 17-7 
7:7 12-3 10-7 18-0 
7 | 12-6 } 10-9 18-4 
sl 13-0 11-1 18-8 
8-3 13-4 11-3 19-2 
8-5 | 13-8 11-5 19-6 
8-7 | 14-2 11-7 | 20-0 
8-9 14-6 | 11-9 | 20-4 

Refer to Table B.1. Refer to Table B.2. 


From Table A. the corresponding percentage of alcohol by 
volume in the sample may be read off—e.g., volume separated, 
10-7 c.c.; alcohol content, 18-0 per cent. 

9. Similarly read off to the nearest half c.c. on the graduated 
stem of the larger vessel the volume that has separated out. 
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If the alcohol content from Table A lies between 10 and 15 per 
cent.—i.e., the left-hand column—refer now to Table B.l. If 
it is between 15 and 20 per cent—i.e., the right-hand column— 
refer to Table B.2. 

TaBL_e B.1. 


tesidual Water Tolerance in c.c. per Gallon or Degrees of Safety. 


=~] 


Large Vessel. 




















Volume | Alcohol per cent. by volume as read {fom Table A 
separated . : ann ates 

in e. | 10 1 12 13 14 15 
0 22 23 
2 21 22 
$ 21 21 
F 21 21 
s 20 20 21 
10 19 19 20 20 
12 | 18 18 19 19 
14 16 } 18 18 18 19 
16 14 15 16 17 17 18 
18 13 14 15 17 17 17 
20 12 13 14 16 16 17 
22 10 12 13 15 16 17 
24 9 11 13 15 15 16 
26 7 10 12 14 15 16 
28 | 5 8 1] 13 14 15 
30) |} 9 6 9 i 13 14 
$2 ! 3 7 1] 12 14 
3 ] 6 10 12 13 
36 3 8 11 12 
38 l 7 10 12 
10) 5 9 11 
42 3 8 ll 
44 l 7 10 
46 | 5 9 
48 3 7 
DO 1 5 
52 4 
54 3 
56 1 


10. Having chosen the appropriate Table, B.1 or B.2, read along 
the line from the volume separated (as read off on the stem of the 
larger vessel) across to the vertical column underneath the alcohol 
percentage determined from Table A. The figure where line and 
column meet is the figure of residual tolerance for the fuel being 
tested in c.c. per imperial gallon. These c.c. per imperial gallon 
may be conveniently referred to as the degrees of safety—e.g., 
22-5 c.c. separated ; then, at 10 per cent. alcohol strength, degrees 
of safety are 10; at 18 per cent. alcohol strength, degrees of safety 
are 2], 
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TABLE B.2. 
Residue Water Tolerance in c.c. per Gallon or Degrees of Safety. 
Large Ve SSO /. 




















Volume Ajcohol per cent. by volume as read from Table A 
separated | | 

in ¢.c, 5 | 16 17 18 9 | 2% 
0 23 23 23 23 3s | @ 

5 21 21 22 22 22 22 
10 20 20 21 21 21 | 21 
15 18 19 20 20 20 21 
0) 17 1s 19 19 19 20 
25 16 17 18 18 9 | #19 
0 14 16 17 17 18 | Is 

5 12 14 15 16 17 18 
1) ll 13 14 15 16 | 17 
15 9 ll 13 14 15 16 
5o 5 y ll 13 14 | 15 
52 4 8 10 12 4 6 6| 6 615 
54 3 7 9 11 13 14 
56 ] 5 8 11 13 14 
58 | 4 8 10 12 13 
60 2 7 10 12 13 
62 l 5 9 11 13 
64 4 8 ll 12 
66 3 6 10 12 
68 l 5 9 ll 
70 | | 4 S 10 
72 3 7 10 
74 | 2 7 9 
76 | | l 6 9 
78 | 4 8 
80 | 3 7 
85 I 4 
90) | / 

| 





the same volume separated (22-5 c.c.) at 10-5 per cent. alcohol 
strength would give in round figures 11 degrees of safety. 

12. Empty both vessels, rinse several times with small amounts 
of the sample. Drain and allow both vessels to dry ready for the 
next test. 

NOTES. 

To replace any part of the apparatus, the following points should 

he noted : 


Large vessel Small vessel. 
Total volume - ‘a ; .. 750-800c.c. 75-80c.c. 
Single mark on the body at - on 500 50 
Stem graduated to re mi a ae 100 15 
Graduations in ¥s - Ka ee 0-5 0-1 
Overall length, approx. es - , 410 m.m. 250 m.m. 
Length of lower tube ,. ' es os 180 150 
Diameter of Body Bs 68 30 
Diameter of Neck ; , 25 25 


> 
Length of Neck = ‘ 25 25 
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The vessels should be made of stout glass. 

The shoulders of the vessels, where the body joins the graduated 
stem, must slope steeply so that no globules falling to the hottom 
layer are retained on them. 

Two pipettes are supplied (one in reserve). These should be 
calibrated with a single mark to deliver 2-5 ¢.c. of water exactly, 
without blowing out the last drop. 


INTERPRETATION OF FIGURES OF WATER TOLERANCE OR DEGREES 
OF SAFETY. 


A 10% Alcohol blend has a maximum degree of safety of about 15. 
124° 0) 
“2 /0 ~ 
15% 25 
174% 30 
90° 35. 


A blend having a degree of safety above 15 can be considered 
safe ; 23 is the greatest value inserted in the table, which is naturally 
perfectly safe. 

A blend having a degree of safety between 15 and 10 can be 
considered reasonably safe. 

However, a blend having a degree of safety of 5 or less is very 
liable to separate into two layers if the smallest quantity of water 
gets into the containers. 
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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


TRINIDAD BRANCH 


A GENERAL MeEeEtING of the Trinidad Branch of the Institution 
of Petroleum Technologists was held on March 29th, 1933, when 
the following paper was read : 


Straight-Hole Technique in Trinidad and Its Effect on 
Well Spacing. 


$y Lieut.-Col. H. C. B. Hickirye, D.S.0., M.C., M.Inst.M.M. 
(Member). 

The verticality of wells is now receiving considerable attention, 

The benefits obtained from and the principles governing straight 
drilling, as also the instruments required in the local fields, warrant 
discussion. 

In obtaining verticality in wells drilled by the rotary, one factor 
exceeds all others in importance, and that factor it is desirable 
to stress. 

It will be accepted that a vertical well should be the aim of all 
concerned. 

The benefits are obvious :— 

(2) Reduced wear and stress on equipment, both drilling and 

production. 

(6) Elimination of the necessity for more than a few oriented 

surveys. 

(c) Plans for economic drainage can be carried out and at 

minimum cost. 


These headings could be sub-divided indefinitely, but all benefits 
fall into one of the three and, through them, affect the ultimate 
aim—maximum profit. They are all self-evident, but (c) is by 
far the most important, for how can a field be drained commercially 
or effectively if the drainage foci cannot be placed at the required 
points ? Well spacing and profit vary inversely with the drilling 
error. 

The Trinidad Drilling Regulations postulate 300 ft. spacing and, 
although it is admitted that an argument on the subject might 
extend indefinitely, yet it may be accepted as a reasonable average 
spacing. 

The equivalent of a 50-ft. departure expressed as an average 
deflection, and also the average deflection in neighbouring wells 
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at 300-ft. spacing, which may give complete coincidence of drainage 
areas are shown hereunder :— 


50-ft. departure—approxi- Average deflection which 

Depth in feet. mate average deflection. may cause coincidence. 
1000 se 3 ee 84 
2000 sin 1} <n } 
3000 se ] o* 3° 
4000 - } e- 2} 
5000 3 1} 


With closer spacing accuracy is more valuable, for where a 
departure of 150 ft. in two neighbouring wells may give complete 
coincidence with 300-ft. spacing, with 150-ft. spacing 75 ft. of 
departure effects the same result. 

Therefore, the need for and the value of accuracy increase both 
with depth and close spacing; unfortunately, the difficulty of 
obtaining accuracy increases with depth. 

When the known results of surveys are considered in conjunction 
with the above figures, it will be realised how enormously important 
verticality becomes. For, at quite normal depths, a well with an 
average deflection of 3° may become a total loss on account of 
coincidence of drainage areas. 





DEMONSTRATES THE POSSIBLE EFFECT OF DRILLING ERROR IN AREAS WHERE 
3 oF 6} WELLS ARE DEFLECTED TO WHAT MAY BE DEEMED A COMPARATIVELY 
SMALL EXTENT. 

IT IS NOT SUGGESTED THAT 300-FOOT SPACING CONNOTES A BELIEF IN A 
DRAINAGE RADIUS OF 150 FT. IN MOST CASES SUCH SPACING WOULD INDICATE 
BELIEF IN A DRAINAGE RADIUS OF 160-170 FT., IF DRILLING ERROR IS NOT 
TAKEN INTO ACCOUNT. AT THE LATTER FIGURE THE UNDRAINED AREA IS 
PRACTICALLY NIL. 


Fig. 1 shows the possible increase in undrained area due to 
departures of 50 ft. and 100 ft. in three neighbouring wells, when 
300-ft. spacing is adopted and 150-ft. drainage presumed. (See 
Fig. 1 and note thereon.) 
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It is suggested that 50 ft. should be accepted as the maximum 
acceptable departure when 300-ft. spacing is adopted. 

To express the acceptable departure in degrees alone or in degrees 
in terms of drainage areas is entirely illogical. 

The greatest enemy to verticality is fast (as regards footage) 
drilling with excessive weight on the bit which, for the sake of 
brevity, will be referred to as “ uncontrolled.”” The one justifiable 
reason for such drilling does not exist in Trinidad, for the Boring 
Regulations prohibit drilling within 150 ft. of a boundary. This 
eliminates town lots scrambles in which it is admitted uncontrolled 
drilling may be necessary, as the chance of obtaining the cream of 
a pool may outweigh the benefits resultant from vertical wells. 
In addition to the Regulation many operators have agreements 
with their neighbours governing offset drilling. 

Approximately 10 per cent. of the driller’s time is spent on drilling, 
the remainder being spent on moving rig, rigging up, running in 
and out, repairs, etc. Furthermore, direct drilling charges (the 
amount spent on the above plus derrick cost) are only some 40 per 
cent. of total drilling charges when all field costs are allocated 
either to feet drilled and/or barrels produced, as in final costing 
they should be. 

It is, therefore, futile to attempt to reduce costs by increasing 
drilling speed, when it is considered that drilling speed affects 
some 4 per cent. of total costs only, and that during drilling time 
there is the greatest possible opportunity for increased speed to 
effect harm. (See Appendix “A” and note thereon.) 

Moreover, any benefit obtained by increased speed is more 
than offset in other directions. One extra fishing job may more 
than outweigh the speed advantage gained by the uncontrolled 
drilling of many wells. That uncontrolled drilling makes for more 
fishing jobs will probably be accepted by everybody. 

In practice the vertical is a seldom attained target and most 
operators would be satisfied if the limit of 50 ft. suggested previously 
was not exceeded. 

In the Fyzabad area an average deflection of 1}° is attainable 
and can certainly be improved upon, and this includes a proportion 
of wells to 4,000 and 5,000 ft. An average of 1° has heen obtained 
during the past six months. 

Little difficulty is found in keeping wells close to the vertical 
down to 1500 ft., but the difficulty increases thereafter. 

In drilling vertical wells reliance has to be placed on gravity—- 
in a few cases guides can be used—but the clearest distinction must 
be kept between gravity drilling and guided drilling, as confusion 
leads to mistakes in practice. 
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The driller has plenty of enemies, but gravity is his one consistent 
friend if it be given a chance to function as such. In gravity 
drilling the weight on the bit should be the least possible consistent 
with reasonable speed, and it should be concentrated close to the 
cutting edge, thereby lowering the neutral point as far as possible. 
By neutral point is meant the point at which the drill pipe passes 
from a state of tension to one of compression. Below the neutral 
point the drill pipe or stem should be rigid, but above that point 
it may be as flexible and as small as is consistent with the load to 
he supported, the power it has to convey and the fluid it has‘to 
pass. Provided that these points are taken care of, definite benefit 
is derived from the use of small drill pipe. 

When bits and drill collars are light, the neutral point will 
occasionally be high in the drill pipe, and this, being compara- 
tively flexible, is more likely to bend and lean to one side of the 
hole, creating a tendency to start a deviation. 

When bits and drill collars are heavy enough no drill pipe is 
in compression and this cause of deflection is eliminated. Such 
a string, when lightly fed, will always have an inherent tendency 
to revert to the vertical. 

In scores of instances wells showing a slight tendency to deviate 
have been brought back toward the vertical by drilling without 
weight on the bit, or rather a weight so small that the indicator 
does not record it. 

The value of the horizontal component tending to bring the 
bit back to the vertical whenever it is deflected is much increased 
if the weight be concentrated as close to the cutting edge as possible. 

To make the best use of this horizontal force when correcting 
a deflection, the parallel portion of the blade of bits should be 
reduced to a minimum. 

The percentage of footage that can be made in local fields with 
practically no weight on the bit is remarkable. 

The weight on the bit being all important, a weight indicator 
is of the greatest assistance when drilling with manual control. 
The cost of the best modern type is only some £60 to £70, and 
no rotary rig is complete without one. The best and simplest 
form is that in which the tendency of the wire line to straighten 
under the load is used to compress a fluid and thus obtain a reading 
on a pressure gauge. 

The driller who aims at verticality must be prepared to use more 
bits per foot than the one who merely wishes to make hole. 
In sandy formation this is easily understood, more especially by 
anyone who has used and dressed a grindstone in the old-fashioned 
method. 
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When “ shells *’ are encountered more weight may be necessary, 
but deviation on shells should be anticipated and looked for, and, 
as far as possible, immediately corrected. 

As a general rule, however, any attempt to “ crowd ” or obtain 
increased footage by “ pouring it to her” is foolish. 

Patented bits recently introduced have given very promising 
results. A comparative test on one type was not conclusive, but 
the results were promising and showed that such bits can retain 
verticality under greater weight than the fish-tail and make more 
speed in certain conditions. 

A three-point reamer is a convenient aid towards concentrating 
the required weight as close to the bit as possible and has given 
good results in keeping the holes to gauge; owing to its form 
it does not obstruct the flow of the drilling mud unduly. 

It is suggested that in some cases such reamers should be 
carried in the drill pipe string several hundred feet above the 
bit, in such a position that the weight below tends to straighten 
out the string and forces the reamer to work on the apices of 
any angles caused by deviation. Three-point reamers are also 
useful as preventing any tendency to weaving in the drill pipe. 

The greatest care should be taken during and after coring to 
watch for deflection, as the weight is not then usually concentrated 
close to the bit. Heavier core barrels than those normally used 
are required. 

In a few cases conditions are such that guiding of the bit is 
possible, but, as has been said before, such drilling is entirely 
distinct from gravity drilling. 

When spudding-in guiding is possible. In practice this has been 
tried but found unnecessary with drill collars weighing 2000 lb. 
or more. It can also be used to centre any rat-hole when such 
has to be started at the bottom of a hole known to be vertical. 
The only other occasion on which a guide can be used is when 
a hole, known to be vertical within acceptable limits, suddenly 
deflects. In such cases the hole above the deflection can be used 
as a guide. In so doing, a lace joint must be used of the largest 
size casing that will allow of circulation ; using this, the hole is 
redrilled, with practically no weight until it is felt that a shoulder 
has been obtained and new hole is being drilled: Using the 
normal clearances, at least 60 ft. of lace joint is required to cut 

out a sudden deflection of 2°; smaller deflections are more 
difficult. The use of a lace joint adds to fishing risks, yet it remains 
the best method of correcting a sudden deflection. 

The question as to when to attempt straightening is important. 
A well that shows a gradually increasing drift is the most difficult 
to tackle. In some cases one can only hope for a soft patch when 
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fast rotation with practically no weight on the bit may commence 
a cure. 

Rat-holing has been condemned as an enemy of verticality, 
but in some cases of gradual deflection, partial cure has been 
effected by reaming the hole at the bottom to the largest size 
possible and then rat-holing with some light drill pipe. The 
reaming allows the smaller drill pipe to hang more vertically, 
and if the rat-hole shows improvement it can be reamed out to 
full size. Experiments will shortly be carried out with an under- 
reamer which should give opportunity for a still larger correction 
being obtained. 

To obtain the earliest possible warning of the commencement 
of deflection, a survey is necessary ; if the well is vertical a survey 
is not required. Therefore, the prime necessity is an instrument 
which will give early warning of deflection, and, if use is made of 
that warning and reasonably vertical wells obtained, any more 
complicated form of instrument is unnecessary. 

In certain cases excessive deflection cannot be avoided, and 
in such cases oriented surveys may be necessary to give a value 
to otherwise almost valueless data. Also, it is well to determine 
by oriented survey in each field whether, under the drilling 
conditions adopted, the departure from the vertical is more or less 
in one plane. If it is not, then a suitable allowance may be made 
when determining the permissible error. In such cases an 
elaborate instrument is called for, but one such instrument held 
on joint account in Trinidad should meet the requirements of all 
operators. 

Oriented surveys, therefore, have their use, but should be 
seldom necessary, and, the same may be said of the correction of 
deviation by oriented whipstocks, which at best must be an 
extremely expensive process. 

There are many well survey instruments, but the most suitable 
for preventive work is the acid bottle type for lowering in drill 
pipe. The acid bottle can conveniently be run prior to changing 
bits, or about every 50ft. When bits can make big footage, 
experience is the only aid to a decision whether a reading is 
required before the bit is dulled. Fortunately, in such ground, 
there is least cause for deflection. The acid bottle has all the 
advantages of simplicity and low cost, its dangers have been 
stressed by those who have more complicated instruments to 
sell; in practice there are none. Its readings are correct to within 
}°. With it a reading of ?° to 1° is observable with the naked 
eye, and this constitutes its greatest advantage, for the driller 
can run and read the bottle for himself and thereafter has no 
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“alibi.” Its psychological effect is most noticeable in checking 
uncontrolled drilling. 

The cost of bottles and acid is small, as only half an inch of 
50 per cent. acid is used at each run. After each run the bottle is 
filled with molten asphalt to the previous reading. This reduces 
the cost of acid to a minimum. When the bottle has been com- 
pletely used it is broken and the asphalt recovered. 

Of the bibliography on the subject, the paper by H. H. Jones 
is most strongly to be recommended. 

Verticality being of the utmost importance, the driller must 
recognise that his value lies not in the footage, but in the vertical 
footage he makes—for the value of footage may be said to vary 
inversely as the square of its deflection. 

Therefore, every driller, when making hole, should adopt this 
maxim as his own : 

* Patience. Gravity is your only friend, give it a chance.” 

APPENDIX * A” attempts to show the possible economic results 
of uncontrolled drilling. 

With regard to Assumption 4, no literature has been found 
on the evaluation of drilling error in terms of well spacing. 

It is, however, perfectly obvious that (if drainage is to be 
maintained) spacing must be reduced when the drilling error 
increases. 

The reduction in spacing will approximate very closely to the 
increase in error, and therefore where. 300 ft. is accepted as the 
correct spacing with reasonably vertical wells, 250-ft. spacing 
would be required if the error be increased by 50 ft. 

The converse is equally important, for decreased error allows 
of increased spacing and lower drilling costs per unit area. 

APPENDIX A. 
Assuming : 

1. That a well drilled at 300-foot spacing under strictly controlled 

conditions costs $20,000 and will drain one unit of area. 

2. That the cost of drilling such a well is divisible as follows : 


A—40 per cent. = Direct drilling cost, including $1000 


for site and derrick. . “a ee $8000 
B=20 ie Casing cost .. s a id 4000 
C—20 - Plant charges ~— ox ms 4000 
D—20 a Overhead charges .. os 4000 


$20,000 


3. That direct drilling cost may be sub-divided pro rata to drillers 
time, and that 10 per cent. is spent on making hole. 
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4. That an increase of 100 per cent. in the rate of making hole 
results in an average increase of 50 ft. in the error due to 
departure, and therefore the number of wells to drain unit 
area will be increased by approximately 40 per cent., /.e., 
1-4 wells, where one was sufficient. 

Therefore drilling costs under controlled and uncontrolled 
conditions will be as follows : 
\ b ( ID 


Rigging up and down, 
Site and Making runninginand out, Casing Plant Over 


derrick. hole, setting casing, cost, charges. head 

bringing in, etc. charges 
UONTROLLED .. $1000 $700 $6300 $4000 $4000 $4000 =Total = $20,000 
UNCONTROLLED $1400 $525* $8820 $5600 $5600 $4000f Total- $25,945 


* i.e., 1-4 wells at 50 per cent. of 3700 
{ Increase omitted due to difficulty in assessing. 


AN INCREASE OF $5945 IN THE COST OF DRILLING UNIT AREA, OR 
29-7 PER CENT. 
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DISCUSSION. 

Mr. J. Potter stated that the Author referred to gravity as 
the driller’s only friend, but was the driller always allowed to 
make use of gravity ? He was referring to the fact that in the 
old days, before continuous coring was adopted, no driller who 
was worth his salt was satisfied unless he reamed out whatever 
hole was dug several times before making a connection. That 
it was only when reaming, i.e., when all the drill pipe was hanging 
directly from the crown block, could the driller obtain the full 
benefit of gravity to straighten the hole. He was afraid that this 
point had been ignored when coring became so generally adopted. 

When a driller was coring he could not make full use of gravity 
because of the weight, however slight, that had to be put on the 
core bit in order to obtain a core. He was, moreover, allowed 
to go on coring, sometimes for hundreds of feet, before an attempt 
was made to straighten the hole, and in making this attempt he 
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either succeeded or did not. If he did not, a crooked hole remained, 
and if he did succeed, then there was the almost certain possibility 
of having two holes with the attendant troubles that occurred 
when the time came to cement a string of casing. 

He suggested that if the time factor was of such little importance 
as against verticality in drilling, a driller should be made to ream 
thoroughly after every core was taken. 


Mr. M. A. ap Rhys Pryce said he was particularly interested 
in the question of the neutral point of the drill-pipe, and 
thoroughly agreed with the author that keeping that point as near 
to the bit as possible was important. He would like to ask the 
author whether, in his opinion, the equipment necessary to keep 
that neutral point close to the bit was likely to result in greater 
risk of a twist-off ? In other words, by putting more weight near 
the bit by the use of two or three drill collars or reamers close 
to that bit, was a twist-off more likely or not? He thought 
himself it was. 


Mr. H. D. Fletcher said that when drilling with the minimum 
of weight on the bit and the neutral point as near the bit as possible, 
the pump pressure played a very useful part in tending to straighten 
out the drill pipe and keep it rigid and vertical ; therefore, to obtain 
the full benefit the smallest jets possible should be used in the 
bit and the maximum pump pressure applied. 

When, under these conditions, the hole departed from the 
vertical, a bit with large jets should be used and the minimum 
effective pressure applied in order to assist gravity to bring the 
bit back to the vertical, when the small jets and high pressure 
would again be used. 

After the application of too much weight on the bit, the drilling 
out of cementing and guide plugs was a common cause of deflection. 

A guide plug necessarily projected a considerable amount below 
the shoe of the casing, and when drilling it up the piece below the 
shoe was very difficult to break up if the formation was at all soft ; 
it acted like a boulder and either wallowed ahead or deflected 
the bit when side-tracking it. By keeping wells reasonably vertical, 
guide plugs might be dispensed with, or, as an alternative, they 
might be cast round a core of earth or some material easier to 
break up than concrete. 

The author referred to the high percentage of footage that 
can be made in local fields with practically no weight on the bit. 
This went to show that, in these soft formations, pump pressure 
was responsible for a certain amount of the drilling, and this 
was borne out by the preference shown by drillers for a short 
bit with the jets as near the cutting edge as possible. 
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He would suggest that this pump pressure might be a possible 
cause of deviation in a steep slicken-sided formation when no 
weight was applied to the bit. 

There was also a certain amount of percussion on the bit from 
the pulsation of the pump; this did not show on the indicator, 
but, nevertheless, did a certain amount of work, particularly 
when weight was being applied. 

Whatever type of instrument was used for ascertaining the 
deviation, it should receive constant inspection and checking 
in order to obtain the truest results possible; a false reading 
from a defective instrument might lead to considerable loss of 
time and expenditure in reaming and trying to straighten a hole 
that might be within the accepted limit of verticality. 


Mr. C. E. Capito congratulated the author on bringing together 
a mass of essential facts for drilling straight holes, but there was 
one thing he had not mentioned, which Mr. Fletcher had brought 
out in one way, and that was the effect of the mud flush coming 
out of the eyes of the bit. If a very thin, light drill pipe was 
obtained, as was suggested, with a heavy weight at the end, one 
could imagine it would be like a high-pressure hose being played 
on a building by a fireman from above, when it would be necessary 
for him to brace himself to keep the jet going in the direction 
needed. Such a condition would be worse still if one of the eyes 
of the bit became clogged. In such a case the mud flush would 
come out on one side only, tending to throw the bit in the opposite 
direction, and that would certainly increase the chances of causing 
a deflection in the well. 

He thought one of the main points that the author had brought 
out was that drilling costs were only 4 per cent. of the total cost 
of the well. If drillers would realise that they would understand 
that crowding down on the bit was by no means desirable nor 
economical. 


Mr. A. F. Dabell took exception to the expression ‘‘undrained 
area’ appearing on Fig. 1, as operators under obligation to 
develop property in efficient manner might, on the argument 
advanced, be charged with failure to recover 15-8 per cent. of the 
potential when drilling deflection to the extent of 1}° was 
established. 

When oil was being won from sandstone, every well had its 
circle of influence, connoting that when that well passed off the 
production list the greatest recovery had been obtained from 
rock in its immediate vicinity and less with increasing distance 
from it, or, expressed as pressure gradient, pressure will be less 
at the well and greatest at the vanishing point. Economic 
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development demanded that circles of influence overlap, other. 
wise the time factor would prohibit attainment of that maximum 
profit, referred to by the author as the ultimate aim. 

Confirming this point, members had no doubt noticed that the 
output from isolated wells continued far longer than those in 
developed area. He had knowledge of wells that had produced 
for 20 years under such conditions, and it was to be deduced in 
such cases that their circle of influence must be for ever extending. 

He suggested, therefore, that with well sites spaced normally 
it was only a question of time before their circles of influence 
overlap and the existence of an intermediate undrained area 
could not be maintained. He asked the author to modify his 
declaration to that effect. 


Mr. L. K. White referred to the author’s statement that “ the 
prime necessity is an instrument which will give early warning of 
deflection.” It seemed to him that was a very important 
instrument, and one that had never been examined or explored 
very far by inventors. All the instruments they had were for 
measuring the damage after it was done, and what they really 
needed was some design to give warnings when it began to occur. 
The idea was to have some device to indicate when the drill pipe 
tended from the vertical, and it seemed to him that it was along 
those lines they should aim, instead of using an inclinometer, 
which was not getting at the root of the trouble. 


Mr. A. J. Ruthven-Murray said that it was desirable to have 
a means of running the acid bottle down the drill pipe, such as 
on a wire line, in order to avoid the necessity of pulling drill pipe 
when drilling ahead ; of course, when coring alone this was not 
necessary, as the drill pipe has to be pulled to recover the core. 
He said that his company found it profitable to instal a standard 
end at each well location before commencing to drill (rotary 
method employed), and the sand reel could be used to run the acid 
bottle. 

He stated that with the easily drilled formation encountered 
above the Cruse series on the Vance River structure it was 
customary to make between 300 and 800 ft. without having to 
redress the bit, and, therefore, there was, in this case, a very 
distinct saving of time when running the acid bottle on a line. 


Mr. L. A. Bushe referred to the author’s statement that the 
average deflection of 14° in the Fyzabad area could probably 
be improved upon. That, in fact, had been improved upon over 
the last five months, and, he trusted, will be maintained over 
twelve months. He believed that the average of 14° had been 
taken over twelve months. : 
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The author stated that reamers might be carried several hundred 
feet above the bit. He felt this was too far, because he thought 
that below the reamer the drill stem should be heavy and rigid, 
and it was asking rather a lot for any operator to carry extra 
collars or extra heavy drill pipe for several hundred feet. 

With reference to coring, while he did not want to take words 
out of the author’s mouth, he would like to make a comment on 
Mr. Potter’s reference to the dangers in coring and in being unable 
to ascertain whether the hole had deflected. Obviously, when 
one was coring and pulling out the core barrel every 30-40 ft. 
there were opportunities of taking frequent readings and, if the 
hole had deflected, there was time for reaming it. 

The use of a iace joint, which the author suggested, might 
be possible with very large sizes of casing, where returns could 
he obtained from the annulus between the drill pipe and the 
casing. He felt that very few drillers would be inclined to run 
a lace joint that was really a close fit in the hole, because 
circulation would naturally follow the line of least resistance 
and go through the annulus with the chance of the lace joint 
sticking. 

He agreed with the author’s remarks in regard to rat-holing, 
but suggested that “‘ small but heavy drill pipe ” would probably 
he better than the “light drill pipe ’’ recommended. 


Mr. Alexander Duckham said that in view of the fact that, 
as the author had stated, the horizontal force tending to bring 
hack the tools to verticality was so small, would not the driller 
be well advised, when trying to correct deviation, to use the 
thinnest mud permissible in order that the cutting in the new 
direction should not be handicapped by the interposition of an 
excessively heavy lubricant—so heavy, perhaps, as to prevent 
the intimate contact necessary to cutting ? 

In machine-shop practice one used always the thinnest possible 
lubricant—generally a soap solution. With heavy lubricant 
abrasion would be nil, unless great pressure were imposed. 


The Chairman congratuiated the author on his paper. The 
importance of straight holes on well spacing had never been 
sufficiently stressed, and he was therefore pleased to see that its 
importance had received its merited attention. 

He agreed with Mr. Dabell that correct well spacing was a 
subject that could not be solved by hard and fast principles. 
There were so many varying factors, both depositional and 
mechanical, that an ideal spacing at one locality of a producing 
field might be entirely unsuitable at another. Obviously, however, 
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there must be an ideal average spacing for the whole field which 
would ensure maximum economic extraction. If this was agreed. 
the author’s conception of the effect of crooked holes was entirely 
vindicated. 

Mr. Dabell had expressed the opinion that the influence circle 
of a well increased with age. This was true if the energy causing 
flow was due to hydraulic head. With a gas-pressure head, however, 
he felt that the maximum zone of influence was determined by 
the differential of pressure between the reservoir pressure and 
the bottom-hole pressure. This was greater during the initial 
stages of flow and could not be exceeded later. 

He agreed with Mr. Bushe that the use of stiffened and large 
size drill pipe above the weighted lower portion of the stem 
should be an advantage, as it should tend to absorb any movement 
due to deformation stresses or to eccentricity of the centre of 
gravity about the axis of rotation. This would in no way depart 
from the principle of weight control, but might provide additional 
security. 


The Author, in replying to Mr. Potter, said that in the paper 
he stated that heavier core barrels should be used. Coring was 
undoubtedly very often the cause of deviation, due to the weight 
not being concentrated at the bottom. The use of much heavier 
outer barrels should minimise the deviation which now occurred 
and might obviate the necessity for reaming. 

Mr. Rhys Pryce asked whether the equipment used when keeping 
the neutral point low would add to the risk of twists-off. The 
risk certainly was always there, but the author did not think 
it had been increased to any appreciable extent. He had hoped 
that Mr. Bushe might have touched on that point. Actually, 
since more attention had been paid to straight drilling, the number 
of twists-off had largely decreased. 

The author referred to the paper by Messrs. Rhys Pryce and 
Dagg, which referred to the benefits to be obtained from straight 
drilling, and agreed with almost all these authors had said. But 
there was one point which he thought was wrong. After referring 
to the many benefits that could be obtained, the authors declared 
that the most important section of the drilling of a well was the 
“ drilling in” through the oilsand. He agreed entirely that that 
was enormously important, but he did not agree that it was the 
most important, because what was the use of perfecting the 
methods of perforating one’s target if one never hit it? He 
thought the still more important point was drilling down to 
striking range of one’s target, for if another’s target was going to 
be hit it did not matter much how it was perforated. 
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Mr. Fletcher referred to pump pressures and their effect on 
holding the drill pipe rigid. Undoubtedly that did occur, but 
was it very material in degree ? 

Mr. Capito referred to the same point. 

He had not worked it out, but he did not think the pressures 
were such as would increase the rigidity of a string of 4-inch to 
any great extent. He agreed that the volume of fluid circulated 
was very important at certain stages, more especially when a 
soft formation was encountered on top of a hard one. If the 
volume was maintained in such cases he could quite conceive 
that the hole might be enlarged and a deviation started. He 
thought that when such conditions occurred the volume should 
be reduced to that sufficient to bring the reduced amount of 
cuttings to the surface. 

In reply to Mr. Dabell, the author stated that Fig. 1 was in a 
crude and simple form, to emphasise possible results. 

It was stated definitely that 300-foot spacing would indicate 
a belief in a drainage radius of 160-170 ft. if drilling error was 
not taken into account. 

The main point, that taken by Mr. G. H. Scott, with whom 
the author was in entire agreement, was that whatever the ideal 
spacing it was bound to be affected by drilling error. 

If the drilling department said that 50 ft. was the minimum 
average error, then spacing had to be decreased by that amount, 
unless they were prepared to leave voids or imperfectly drained 
areas. 

It was immaterial what factors influenced well spacing or whether 
time was included or not, but it was incontrovertible that drilling 
costs per unit area must increase with drilling error if like drainage 
was to be maintained. Put at its very lowest value, accurately 
spaced drainage foci would improve drainage, inaccurately spaced 
foci would worsen it. 

The author entirely agreed with Mr. White that the sooner 
one got notice of deflection the better. If there was any instrument 
that would give immediate notice it would be very valuable. He 
did not know the instruments to which Mr. White referred or 
whether they would function with deflections as small as he had 
indicated were requisite. 

He was entirely in favour of Mr. Ruthven-Murray’s suggestion 
if an acid bottle could be run on a sandline and the results obtained 
with less cost or delay, but in his experience the average life of a 
bit was about 37 ft., and that was a very convenicnt interval at 
which to take acid bottle readings. If bits lasted for hundreds 
of feet, he agreed that it would be good practice to run the acid 
bottle on a wire line. 
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Mr. Bushe suggested that, if the three point reamer was placed 
high in the string, its major use would be lost. The author agreed, 
He considered that the two uses were entirely distinct—the reamer 
inserted in the string close to the bottom fulfilled the one purpose 
and could not be taken away and used for another purpose higher 
up. The use that he postulated was for easing off angles, and 
for this purpose it should be placed high up and have plenty of 
weight below it. 

The suggestion the author threw out about the lace joint aroused 
some fear in Mr. Bushe’s mind. The author agreed it needed 
careful consideration. It must be remembered that when a lace 
joint was being used to correct a deviation, it was not used for 
any great length but for a comparatively small distance, and he 
thought it might be possible to increase the lace joints in diameter 
and thus make them a more effective guide 

He agreed with Mr. Bushe that a better description of the drill 
pipe required when rat-holding would be “ small but heavy.” 

With regard to Mr. Duckham’s remarks, the author thought 
that whilst the cutting.edge was sharp the nature of the lubricant 
(mud) was unimportant, but as the edge wore and the bearing 
surface increased a thinner mud would certainly be preferable. 

On the motion of the Chairman a vote of thanks was accorded 
to the author and to the hosts, the President and Members of the 
Apex Club, for the use of the building. 











L 
adv: 
reac 
who 

B 
ecol 
writ 
fron 
the 
to ¢ 
areé 
ban 
sari 

A 
amc 
pos 
tha’ 
obs 
give 
nec 
of 1 


laced 
reed, 
amer 
‘pose 
igher 

and 
y of 


used 
eded 
lace 
| for 
1 he 


eter 
drill 


ight 
sant 
ring 
ded 


the 











951 
THE INSTITUTION OF PETROLEUM TECHNOLOGISTS. 


TRINIDAD BRANCH. 


A GeNneERAL MeeEtTING of the Trinidad Branch of the Institution 
of Petroleum Technologists was held on April 26th, 1933, when 
the following paper was read :— 


Some Considerations Affecting the Spacing of Oilwells 
(with Special Reference to Trinidad). 


By M. A. ap Ruys Pryce, B.A. (Assoc. Member). 


LikE nearly every oilfield problem, the question of the most 
advantageous spacing of wells is one that does not lend itself to 
ready solution by formula or even rule of thumb, but is a problem 
whose solution depends essentially on local conditions. 

Before proceeding to the technical side of the problem, the 
economic side must first be considered. Much has been said and 
written regarding obtaining the greatest ultimate production 
from a given area. Loose discussions of this sort tend to obscure 
the issue and are dangerous, for if every oil company’s object was 
to obtain the greatest possible ultimate production from a given 
area of ground, then many oil companies would soon be facing 
bankruptcy, for the greatest possible production does not neces- 
sarily coincide with the greatest possible economic production. 

An oil company’s object is, of course, to obtain the largest 
amount of production possible from a given area at the least 
possible cost consistent with the greatest profit, and it is here 
that the question of spacing is vitally important. It may be 
observed that the largest amount of production does not always 
give the greatest profit, neither do minimum costs per barrel 
necessarily produce the greatest profit, but a judicious combination 
of the two is necessary in order to achieve the desired result. 

Before discussing the principles governing the spacing of wells, 
it is first necessary to consider the various types of oilfields 
commonly encountered. 

S. C. Herold did a great service to the technical side of the oil 
industry when he divided oilfields clearly and logically into three 
main groups :— 

(a) Oilfields under hydraulic control. 
(b) Oilfields under volumetric control. 
(c) Oilfields under capillary control. 


Each of these groups presents an entirely different problem 
from the point of view of spacing. Group (b) presents the most 
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difficult problem, and is at the same time the group most commonly 
encountered and is, of course, indigenous to Trinidad. 

Considering each group briefly in turn their characteristics can 
be summed up as follows :— 

(a) Oilfields under hydraulic control depend almost entirely 
upon hydraulic energy or water pressure for the expulsion of oil. 
The water replaces the gas and oil as fast as it is extracted, resulting 
in the maintenance of reservoir pressure. The quantity of gas 
present is comparatively small. Typical characteristics of hydraulic 
control are the absence of decline in either flowing pressures or 
quantities of fluid produced and very low gas-oil ratios. As the 
oil is produced and the water table rises, increasing percentages 
of water will appear in the total fluid produced until the wells 
finally turn to water. Such fields were most common in Northern 
Mexico, but have also been found in other parts of the world, 
notably West Texas and Venezuela. 

(b) Fields under volumetric control form the bulk of the world’s 
producing fields. By volumetric control is really meant gas 
energy control. Initially a given volume of gas and oil has been 
trapped in the structure. As this volume is reduced so also is 
the pressure, and hence the term volumetric control has come 
into use. Water may or may not be present, but usually is in the 
form of edge or bottom water. This water is, however, definitely 
following rather than driving, and is unable to replace the oil and 
gas as fast as it is taken out, resulting in a definite drop in reservoir 
pressure. A terse distinction between oilfield types (a) and (6) 
is water-drive against water-follow. 

(c) The third group of oilfields—namely, those under capillary 
control—is more often than not the aftermath or successor of 
type (6). The characteristic of a field under capillary control 
is that the resistance of the sand grains to movement of oil is the 
primary factor affecting production. In other words, energy in 
the form of hydraulic or gas energy is not the controlling factor, 
but what may be termed the sand texture and permeability are 
the controlling factors. Fields of this type are rarely discovered 
and drilled as such, but are nearly always the successor of type (6) 
after the gas energy has been dissipated. Very high grade oil 
such as is found in Pennsylvania, Burma or Dutch East Indies, 
is necessary to make it economic to drill new wells in a field 
of this type, and spacing is not such a serious consideration. 

An important point to be remembered is that all these three 
types of fields merge into each other, and it is not always possible 
to draw sharp distinctions. However, the spacing principles 
adopted must be those suitable to the type of field whose charac- 
teristics are most strongly in evidence. 
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In considering the spacing principles to be recommended for the 
different types of fields, one is really concerned primarily with 
types (a) and (6). 

Theoretically one well suitably located will drain all the oil and 
gas from a field under hydraulic control. In practice this is very 
largely true, too, and only qualified by possible faults and the daily 
production required—i.e., one well may be insufficient to produce 
all the oil required daily and extra wells may be necessary to 
produce the desired quantity of oil. Such extra wells should be 
as widely spaced as possible. Definite evidence has been obtained 
of wells affecting each other as far apart as one mile in hydraulically 
controlled fields. The spacing problem in a hydraulically controlled 
field is therefore comparatively simple, and the real spacing problem 
centres round oilfields of type (6). 

When determining whether a new field belongs to type (a) or 
(b) the following questions must be answered :— 

1. Is the decline in pressure and total fluid production 

appreciable ? 

2. What has been the trend of the gas-oil ratio since completion ? 
3. What is the gas-oil ratio at the bottom of the well (7.e., how 

much gas is still in solution with the oil at the bottom of the 
well) ? 

4. What is the character of the formation—i.e., soft loose sands 

or hard sandstones or limestones ? 

For a tield of type (a) the answers to the above questions are : 

1. No. 

2. Flat or declining. 

3. Very low, bulk of gas still in solution. 

4. Usually hard sandstone or limestone. 

A point that must be remembered is that a big new well in an 
undeveloped area of a field under volumetric control may show 
the characteristics of hydraulic control due to having no offsets. 
The drilling of these offsets will soon, however, bring out the true 
characteristics of the field and a spacing scheme can then be 
decided upon. 

Turning now to the spacing of wells in fields coming under 
category (6), which form the bulk of the world’s oilfields, there 
are two things to be remembered as being of paramount import- 
ance :— 

(a) Flowing production is cheaper than any other form of 

production. 

(b) The largest amount of flowing production for a given capital 

outlay can only be obtained by scientific exploitation of the 
available gas energy. 
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Before proceeding further it is necessary to assume that it is 
desired to exploit an oil zone extending over an appreciable area 
on the flank of a structure whose correlation is fairly regular. 
The flank of the structure is expressly mentioned so as not to 
introduce the added complication of high gas-oil ratios and waste 
of gas energy commonly associated with crestal drilling. In 
highly lenticular formations spacing is, of course, largely a matter 
of hit and miss. It is believed, however, that even in Trinidad 
scientific spacing can definitely be applied to the deeper oil zones 
encountered which have not been disturbed and broken up to 
the same extent as the upper and more crestal sands. 

It may be said here, moreover, that it is probable that lenticu- 
larity in the form of isolated lenses of oilsand is a very rare occur- 
rence, and that most oil zones are more or less continuously 
connected, though the sands may vary in thickness and richness. 

It must be realised that no formula can be devised to give the 
correct spacing for a field until a certain number of wells have 
been drilled and certain data obtained. Even the final spacing 
to be decided upon is rather a matter of experience than a formula. 


Dr. W. P. Haseman? has, however, given a formula which serves 
as a check on spacing schemes, and has proved approximately 
correct from actual field data obtained in Oklahoma. This formula 
gives the general equation for all spacing schemes and is based 
on the following assumptions :— 

1. Zero wells to each 10 acre block gives zero per cent. oil 

recovery. 

2. One well drilled to each 10 acre block will yield 5, 10, 1, 
20 or 25 per cent. of the total oil in the reservoir, depending 
upon gas energy available, permeability of sand, etc. 

3. An infinite number of wells drilled on each 10 acre block 

will yield 50 per cent. of the oil in the reservoir. 

Assumption (3) is, of course, a controversial point, but appears 
to have been proved approximately correct from field results where 
the other unknowns in the formula have been determined. 

The formula is as follows :— 

Pn=Po (l—e™*"). 
Where Pn=per cent. of oil obtained from n wells to each 
10 acre block. 
Po=per cent. of oil obtained from an infinite number of 
wells to each 10 acre block. 
A=spacing constant. 
e=base of Naperian logs =2-71828. 
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Data computed from the above formula give the following 


results :— 
Different assumptions under (2) for percentage recovery 


No. of wells Spacing from 1 well per 10 acres show following percentages for 
per 10 acres. in ft. increased number of wells. 
l 708 5 10 15 20 25 
2 500 9-5 18-0 25-5 32-0 37-5 
3 409 13-5 24-5 32°38 39-2 43-7 
4 354 17-1 29-5 37-9 43-5 46-9 
5 316 20-4 33-6 41-6 46-1 48-4 
6 289 23-4 36-9 44-1 47-7 49-2 
7 268 26-0 39-5 45-9 48-6 49-6 
8 250 28-4 41-6 47-1 49-2 49-8 
9 236 30-6 43-3 48-0 49-5 49-90 
10 226 32-5 44-6 48-6 49-7 49-95 


This formula, while of small value in itself, depending as it does 
upon so many unknowns, gives a useful idea of a general spacing 
equation and provides a basis upon which to check back from 
field results. 

The figures given in the table were obtained from data collected 
in the Bartlesville and Nowata districts, Oklahoma. Producing 
conditions were competitive at the time, but the spacing was by 
no means Close for that period, the average distance between wells 
being over 700 ft. 

Modern investigations of spacing problems are now mostly 
based on cumulative production curves, from which the number of 
barrels of oil likely to be ultimately extracted from a given acreage 
on a given spacing scheme can be fairly accurately estimated. 
This allows of early comparisons being made and a final choice after 
initial tests have been made. 

Turning once more to Dr. Haseman’s formula, one well to 
10 acres represents a spacing of 708 ft. According to individual 
opinion or experience, the oil recovered at this spacing may be 
5, 10, 15, 20 or 25 per cent. of the total oil in the reservoir. 

Taking the lower figure of 5 per cent., the oil recovery can be 
a little more than doubled by drilling four more wells, making 
five wells per 10 acres. This is very nearly equivalent to the 
300-foot spacing common to Trinidad, and it will be observed, 
therefore, that the spacing commonly used in Trinidad is based 
on very pessimistic recovery estimates, assuming the Haseman 
formula to be approximately correct. 

This statement is made on the grounds that it will hardly be 
economic to drill as many as five wells to each 10 acres in the 
higher grades of percentage recovery for one well, with the possible 
exception of the 10 per cent. class. 


Taking the figure of 20 per cent. recovery for one well per 10 acres, 
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it is doubtful if more than one extra well per 10 acres would be 
justified. This is simply illustrated as follows :— 

Suppose one well to each 10 acres will produce 100,000 bris, 
and that this represents 20 per cent. of the total oil in the 10 acres, 
Then, from the Haseman formula, two wells will produce 32 per 
cent., or 160,000 bris., three wells will produce 39-2 per cent., 
or 196,000 bris. It is very doubtful, therefore, if the third well 
is justified. Two wells per 10 acres represents a spacing scheme 
of 500 ft. 

From a practical point of view, the spacing chosen for a 
volumetric control field can be examined as to its suitability or 
not by careful attention to pressures, oil production and gas 
production. All gauges and measurements should be carefully 
taken and records kept from the time the wells are brought in. 
In order to do this recording pressure gauges on the Christmas tree 
and gas meters are essential. It has been observed time and again 
in fields where accurate records are kept and the spacing has been 
too close that when a new well is brought in, the older offsets 
show an immediate increase in the rate of decline of both pressure 
and oil and gas productions. The increase in the rate of pressure 
decline can be expected even with wide spacing, but if the oil 
and gas production of the older well also show a large and sudden 
decline the wells are too close together. 

The above, of course, refers to flowing production. Wells on 
artificial lift have to be very close together to show any real signs 
of interference. At the present price of oil the drilling of pumper 
is not economical, except for the very highest grades of oil, and 
the artificial lift stage can therefore be ignored when considering 
spacing schemes under present conditions. 

It may be as well here to emphasise that there is a sharp 
(listinction betweeri the radius of pressure influence of an oil well 
and the drainage radius. The former can be defined as being 
the furthermost radial distance at which a pressure change takes 
place, due to the operations of the well in question. 

The drainage radius can be defined as the furthermost limit 
from which oil finds its way to the well and is produced. 

The radius of pressure influence is almost unlimited in a structure 
and the producing zones would need to be very highly lenticular 
indeed for pressure changes not to have far-reaching effects. 

The drainage radius is largely limited by the physical character- 
istics of the sand and the oil contained in it. 

Turning once more to the interference of flowing wells, this takes 
two forms :— 

(a) Pressure interference. 
(6) Drainage interference. 
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The former is practically unlimited, except by time. The 
latter is initially also limited by time, but is finally limited by 
the resistance of the sand grains to movement of oil over long 
distances. 

The radius of pressure influence always exceeds the drainage 
radius, and this is an exceedingly important point, and it is this 
fact which is the cause of wells showing a gradually increasing 
gas-oil ratio during their flowing life until a peak is reached. 
Pressure is reduced over a wider area than is actually drained 
hy one well, resulting in gas coming out of solution from oil which 
is outside the immediate drainage radius of the well. This gas 
finds its way to the well in increasing quantities, but without its 
corresponding oil, resulting in a gradually increasing gas-oil ratio. 
If an offset is drilled to a well that has been producing for some 
time it will nearly always show an initially high gas-oil ratio on 
account of gas having been coming out of solution, due to reduction 
of pressure, but not having yet escaped. 

The important lesson to be learnt from this is that : 

(a) Blocks or areas should be as nearly as possible drilled up 

and produced simultaneously. 

(6) The offsets to an outstepping well will nearly always be 
disappointing if the well has been producing for any length 
of time, and particularly if the spacing is too close. 

The remark is often heard: ‘ Well, No. X was a very good well, 

but when we went back there later the next well was very poor.” 

It is essential to realise that the time factor enters into spacing 
considerations. It is a bad error to drill an offset to a good well 
that has been producing for any length of time in an undeveloped 
area and expect to obtain the same production. On such occasions 
the normal spacing should, if anything, be increased. By normal 
spacing is meant the spacing found suitable for steady exploitation 
of a block or area with one or more string of tools. 

A common error is the assumption that a greater thickness 
of sands demands closer spacing. Here, again, time controls the 
situation. One well will drain a thick sand equally as well as 
many wells within a certain radius, but will, of course, take longer 
to accomplish it. The most suitable spacing for exploiting a given 
oil zone is entirely independent of the thickness of that zone, 
If the oil is required quickly, then more wells will be necessary, 
but it is not economic. 

A classical example of the effect of time coupled with too close 
spacing can be taken from a well in the La Rosa field in Venezuela. 
This had been an outstepping well and producing for nearly 
two years before four offsets were drilled at 200 metres (657 ft.) 
spacing. The immediate effect was a drop in the production of 
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the original well to the extent of some 30 per cent., coupled with 
an increased rate of decline. Subsequent investigations, based 
on the cumulative production curves for the well and the area, 
showed that the flowing recovery of the initial well would have 
equalled or even exceeded its actual total flowing recovery, plus 
that of the four offsets, if those offsets had never been drilled. 

Of course, more oil will eventually be obtained by pumping 
all five wells, but it is very doubtful whether this will balance the 
enormous difference in capital expenditure between the drilling 
of one well and five. 

The spacing in La Rosa is now 400 metres (1314 ft.). 

It may be stated that in the past wells have been generally 
too closely spaced to obtain the maximum flowing recovery for 
a given capital expenditure in fields under volumetric control. 

Another interesting case comes from Domingues Hill, California, 
where three wells were producing 1000 bris. per day between 
them. <A fourth well (intertriangular) was drilled, whereupon 
the four wells still only made 1000 bris. per day. The spacing 
of the three wells was 600 ft. 

A belief commonly held is that the depth of the well should 
influence the spacing. If spacing is regarded purely from the 
point of view of flowing recovery, this argument is not tenable, 
since if scientific utilisation of the available gas energy in a given 
oil zone calls for 1000-foot spacing, then the wells should be 
1000 ft. apart, regardless of whether the wells are shallow or deep. 

If the price of oil is high and the drilling of pumpers is under 
consideration, then the depth of the wells naturally becomes an 
important factor. A shallow pumper may be an _ economic 
proposition, whereas the drilling of a deep pumper would probably 
result in a loss. 

Another point that is often raised by oilfield operators is that 
they have never come across cases of interference between wells 
in a certain field, although it may be generally conceded that 
the spacing is too close. 

It should be emphasised here that interference is sometimes 
a difficult thing to detect, especially if there is any appreciable 
discrepancy in the age of the wells. An offset drilled six months 
after the completion of a good well may be a poor well. Its com- 
pletion may, however, have no effect on the first well as far as 
pressures and production go. The conclusion is often drawn, 
therefore, that there is no interference, when, in fact, interference 
is there in its most insidious form, which is that the first well 
has established its drainage channels and obtained the cream of 
the oil to the detriment of the subsequent well. The only evidence 
of interference is the poor production of the second well, which 
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is too often attributed to lenses or faults or other geological 
explanations, when in reality the wells have simply been drilled 
too close together. 

Summing up, the following general principles may be laid down 
with regard to spacing : 

(1) In fields under hydraulic control (type (a@)), the fewest 
possible number of wells need be drilled, and they should be very 
widely spaced. 

(2) In fields under volumetric control (type (6)), where a sheet 
sand is present with any appreciable pressure, a spacing closer 
than 500 ft. is hard to justify, and in loose sands 1000 ft. may 
be a suitable minimum spacing. 

Careful records of pressures and production should be kept 
to determine at what distance real drainage interference takes 
place. 

Spacing should be a little wider than the radius of drainage 
interference. 

(3) In fields under capillary control the oil must be of a very 
high grade before considering drilling at all. If it is considered 
worth while to drill, then the wells can be very closely spaced 
compared to types (a) and (6). 

(4) If the price of oil is high, then intermediate wells can be 
drilled in fields formerly of type (6), but which have passed into 
type (c), due to the dissipation of gas energy. 

With regard to point (3) above, it may be mentioned that the 
term “capillary control” has been adopted without alteration 
from S. C. Herold’s original classification of oilfield types. The 
question as to whether the term “capillary control”’ really 
covers the physical underground reactions of a field of this type 
is outside the scope of this paper. 

Many physicists disagree with the accuracy of the term, but 
it is used here in a general sense to cover that underground 
condition in which the resistance to movement of oil, either 
frictional, capillary or other retarding force, controls the production 
of oil rather than gas or hydraulic energy. 

In conclusion, it will be observed that no mention has been 
made in this paper with regard to the effects of repressuring on 
spacing. This omission has been deliberate, since the paper has 
been primarily concerned with the exploitation of natural resources. 

It may be said here, however, that repressuring proper, which 
implies the rejuvenation of exploited sands from which the natural 
pressure has previously been largely exhausted, has little effect 
on spacing. 

Pressure maintenance, however, which implies the returning of 
gas to the ground from the inception of the field and thereby 
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maintaining the reservoir pressure, has a very real effect on spacing, 
Pressure maintenance really results in the artificial conversion 
of what would naturally be a volumetrically controlled field into 
a field under hydraulic control. 
Refe rences, 

1 Stanley C. Herold, Professor of Mathematics, University of California. 

2? Dr. W. P. Haseman, Consulting Petroleum Engineer, Oklahoma City: 
formerly Head of Research Dept., Marland Oil Co. 


DISCUSSION. 


Mr. R. N. Kirby said that since the cost figures quoted were 
collected in 1928-1929 the decrease in drilling cost had probably 
more than offset decrease in price obtained for oil, would indicate 
that whereas for the mentioned depth of 6000 ft. to 7000 ft. a 
cost of $21 per foot applied in 1929, the value of oil dropping 
since then to at the most some 33 cents per barrel, the present cost 
of drilling a 7000-foot hole would be pro rata $7 per foot. He 
thought this low, even for California. 


Mr. A. H. Richard said that he did not feel at all happy about 
Herold’s definition of field types. Somehow hydraulic control 
and volumetric control did not seem to be very descriptive, and 
he was inclined to think that, following on from Mr. Rhys Pryce’s 
statement about water drive, that “ water drive” and “ gas 
drive ’”’ would be much more apposite. 

He referred to the Author’s statement: * In highly lenticular 
formation scientific spacing must perforce give way to other 
considerations.”” Of course, if a field was very lenticular, close 
spacing, in order to catch the lenses, was out of the question and 
such a field would not be profitable to drill. He thought that 
in any lenticular field which was worth drilling, one could reason- 
ably be satisfied that by spacing wells at 300 ft. apart the lenses 
would be of such size that one would have, here and there, adjacent 
wells tapping the same lens, and if that were so, then the same con- 
ditions would apply as if there were a sheet sand and scientific 
spacing would be just as important. 

In the same paragraph the Author said: ‘Scientific spacing 
can definitely be applied to some of the deeper oil zones encountered 
which have not been disturbed and broken up to the same extent 
as the upper and more crestal sands.” He would like to ask if 
the Author meant the distinction between deeper and _ higher 
sands to be geological or geographical, because they had instances 
in which geologically higher sands which were deeper geographicalls 
had given rise to interference ; also, whether his reference to sand 
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that were broken up were intended for those that were geographic- 
ally near the crest. 

Another small point he would like to comment on was 
Dr. Haseman’s first assumption about zero wells. That was 
so obvious that the speaker did not know why Dr. Haseman 
thought it necessary to state it. Perhaps there was some ulterior 
point which, because of the very obviousness of it, had been missed 
by the speaker. 

As regards to the formula itself, it seemed to the speaker that 
Dr. Haseman had introduced several other unknown factors 
unnecessarily. The whole thing was highly problematical; though 
it is true it had been checked up in certain localities, but he had 
introduced that 5, 10, 15, 20 and 25 per cent. recovery. The 
speaker, however, did not think that anybody knew anything about 
what the recovery was, and to introduce a factor into the formula 
which was so very speculative seemed to him to be an unnecessary 
complication. He would much prefer to see a formula which was 
based on the cumulative production curve for a well. If one 
had one well which was producing, say, for two years, one could 
get its cumulative curve and its estimated ultimate production, 
and if one got an offset well drilled and there was interference 
between the two wells, then the estimated combined ultimate 
production for both could be obtained and it would be known 
whether or not there was optimum economic production. In 
fact, he thought percentage recovery was a wrong basis on which 
to work, as it was a backward formula. The example given, 
“suppose one well to each 10 acres will produce 100,000 bris., 
and that that represents 20 per cent. of the total oil in the 
reservoir,” bears out his contention, as the Author himself 
has worked from the cumulative back to the percentage of 
recovery. 

He desire to mention a few instances his company had on its 
records. In the first place, there were many groups of wells at 
300-foot spacing in all zones, in the shallow sands and down to the 
deep sands, speaking geologically, which have not shown any 
interference at all. (There had been a few cases of interference, 
but those had been definitely shown to be due to fissuring and 
are therefore out of the scope of this paper.) There was one good 
instance of two wells in the B-C zones, which were 550 ft. apart. 
The first well was drilled a little over two years before and they 
showed interference. The first well had already produced about 
450,000 bris., and its cumulative curve predicted 550,000 bris. 
ultimate. When the second well was drilled the first one dropped 
right down and practically ceased flowing. It is true that the 
first well’s rate of decline had since considerably flattened, 
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having been put on the pump, but he gathered that that was not 
under consideration in the paper. The second well had been going 
for some time now and it was estimated it would make consider. 
ably over a million barrels, so even though there had been inter. 
ference in that particular instance they were not losing by it. 
He did not think that in that case the spacing was too close. 

Mr. Richard said he omitted to mention earlier in his remarks 
about Dr. Haseman’s formula, that Dr. Haseman had subse- 
quently written an article in which his percentage of recovery 
only occupied about half a line and the rest of the article discussed 
spacing based on ultimate production and yields per acre. 
Doubtless the Author was aware of that. There was also another 
similar article by Mr. Young in the Oil Weekly. He develops 
a formula which introduces economic factors as well and it struck 
the speaker as being well thought out. 


Mr. H. D. Fletcher said he felt that as so many unknown factors 
come into a calculation of this kind the result was bound to be 
hypothetical. 

He directed attention to the paragraph which read: “‘ It must 
be realised that no formula can be devised to give a correct spacing 
for a field until a certain number of wells have been drilled and 
certain data obtained. Even then the final spacing to be decided 
upon is rather a matter of experience than formula.” That, he 
thought, was the gist of the whole subject, and even after a number 
of wells had been drilled one could only find by trial and error 
what was the minimum distance at which wells could be spaced 
without interference. He did not see how one could arrive with 
any degree of accuracy at the percentage of oil a well would give 
out of an area until that area had been drained. When that 
stage was reached one could arrive at the total percentage of 
recovery from each well, but he did not see how one could postulate 
a figure which is a percentage of an unknown quantity. Even 
when one has arrived at a definite spacing distance from results 
obtained, an odd well now and again will explode all one’s calcula- 
tions and theories ; that was his experience. 


Mr. J.L. Harris said that the general trend of the paper seemed 
to be based on the assumption of probable sheet sand conditions 
on all oilfields and uniformly distributed oil values. 

With regard to Tertiary oilfields in Trinidad, and, he thought, 
elsewhere, there was a marked trend in uniformity of results 
when productions were plotted against footages drilled, i.e., the 
minimum amount of footage gives the maximum amount of 
production. 
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To quote four fields in this Island, they had :— 


Case 1 .. 16 per cent. of the footage gave 60 per cent. of the production. 
5 9 »» 2% ” , 
Case 2 .. 19 as ‘a 63 
54 *” ” 40 
Case 3... 19 72 
6 35 
Case 4 .. 17 - 73 A 
5 39 ws 


In short, in Trinidad, from past results, one might say that 
20 per cent. of the footage drilled had given from 65-80 per cent. 
of the production, while 5 per cent. had given from 30-40 per cent. 
of the production. This phenomenon was not peculiar to Trinidad. 
In Rumania, he believed that 9 per cent. of the footage gave 
50 per cent. of the production, and in Russia, in one field, 4 per 
cent. of the footage gave 30 per cent. of the production, and in 
another, 6 per cent. of the footage gave 53 per cent. of the production. 
In a third field, Bibi Eibat, 5 per cent. of the footage had given 
no less than 67 per cent. of the production. These figures, he 
contended, substantiated the probability of variability of oil 
accumulation possibly quite apart from any factor of irregular 
deposition. 

This being so, while agreeing with the Author that possibly the 
spacing which obtained in this Island was too close, he felt that 
one of the advantages of drilling at a wider interval was the 
possibility of identifying areas of maximum accumulation, which 
would lead to concentration of exploitation in these areas. 

Another point he would like to mention was that the Author 
pointed out that flowing production was cheaper than any other 
form of production and inferentially no other method of operation 
should be legislated for. He was of the opinion, however, that 
as long as production was profitable it was worth while taking. 
In short, he did not think that a method of excluding the small 
but payable producer and concentrating on the exploitation of 
the richest and only the richest parts of the oilfield was justifiable. 
The figures that the Author had submitted with regard to the 
Ventura Field in California did not seem to preclude the possibility 
that 300 ft. spacing was possibly correct in Trinidad. The cost 
showed in the case cited that a spacing of 500 ft. was probably 
right, but it should be remembered that the cost per well was 
$150,000. In places where the cost per well was only about 
$30,000, he imagined that even much poorer oil values than at 
Ventura would justify considerably closer spacing. 


Lt.-Col. H. C. B. Hickling said that the Author stated that 
an oil company’s object is to obtain the largest production at the 
8Q2 
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least possible cost. He wondered if that was the best definition, 
because in some cases it might be better to take a smaller produc. 
tion and in others to go to greater cost. He felt it was the 
differential between the two that mattered, and that the better 
and simpler term was ultimate profit. It did not follow that the 
greatest production or the lowest cost would give the greatest 
ultimate profit. 

Type (6) was the most common group in Trinidad, but they 
certainly had one or two odd cases of type (a), or which might 
be regarded as merging from one into the other. They had one 
well which for a few days showed a distinct gas curve, and then 
went to a straight line, showing that it really was in category (a), 
or was just on the verge between the two, and that well had 
remained in category (a) for some years now. 

He agreed with the Author that at present prices a very high- 
grade oil was necessary in wells that came within category (c) 
to make their operation economical, but thought that low-pressure 
fields could be operated as long as they contained plenty of oil 
to be pumped. 

The Author had stated that “a big well in an undeveloped 
area of a field under volumetric control may show characteristics 
of hydraulic control, due to having no offsets.’’ He supposed that 
might occur, but he had had absolutely no evidence of it. Their 
biggest wells, entirely outside any possible interference from 
other wells, had shown the same characteristics from the start, 
and there could be no doubt that they did not come within 
type (a). 

He thought the Author was rather hard on those who had to 
work in lenticular formations. He thought there was scope for 
scientific spacing when trying to follow lenticles. 

He would ask the Author whether he understood Dr. Haseman 
to mean that under no possible condition could more than 25 per 
cent. of the flowing production be obtained from any one well. 

As regards Mr. Richard’s query on Dr. Haseman’s assumption 
No. 1, re zero wells, he imagined that Dr. Haseman felt very 
secure when he wrote it, for there at least he was on sure ground. 
The Author admitted that assumption 3 was also controversial, 
but was not assumption 2 likewise ? He did not wish to disagree 
with the results of subsequent wells after the percentage of 
recovery from the first was 5, 10, 15, 20 or 25, but surely it was 
arguable as to what category the first well came in ? 

The schedule was interesting as stressing the benefits of wider 
spacing. The schedule also emphasised the necessity of accurate 
costing, for without accurate and inclusive costing one would 
not know where to stop. 
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The Author distinguished between flowing production and wells 
on artificial lift. Would it not be better to alter the latter phrase 
to “ wells that will not flow”? They might be put on artificial 
lift mistakenly. 

The Author referred to the radius of pressure influence always 
exceeding the drainage radius, and then, in his conclusions, said 
“spacing should be little wider than the radius of interference.” 
He would ask the Author to explain that; he was not quite clear 
as to what exactly was meant. The Author postulated a drainage 
area surrounded by, or forming the central part of a larger area, 
which was the area of pressure influence, and then he said that 
spacing should be a little wider than the radius of interference. 
Did that mean a little larger than the radius of drainage area or 
a little larger than the radius of pressure influence ? He believed 
it was the former, but he wanted to get that clear. 


Mr. C. E. Capito said that he considered that spacing should be 
dependent on depth, as it is quite conceivable that a 300-foot 
spacing, or even less, would be an economic proposition at shallow 
depths, whereas at depths below 5000 ft., even 1000-foot spacing 
might not be economical. 

The question as to whether repressuring is to be undertaken 
also seems to come into the argument, as if a suitable gas drive 
can be obtained much wider spacing can be used and still get a large 
ultimate recovery. 

When laying out new locations the drift of wells from the vertical 
which have already been drilled should also be taken into con- 
sideration. 

With regard to Dr. Haseman’s spacing formula, he would like to 
ask the Author if he has evaluated a figure for lambda for 
Trinidad ? After reading Dr. Haseman’s paper, given before the 
American Institute of Mining and Metallurgical Engineers, in 
October, 1929, and printed in Petroleum Development and 
Technology for 1930, it would appear that the obtaining of a value 
for lambda is shrouded in mystery. 

Cheney, in this discussion, states that the formula was based 
on the old Bartlesville Fields, which were produced under wasteful 
conditions of competitive drilling, and considered that wells 
properly produced would give different results. Herold, in the 
same discussion, called the formula an ‘“‘ approximation formula.” 

As far as Trinidad goes the 300-foot spacing has given satisfactory 
results in the past, but now that back pressures are being held 
on the sands and the flowing life of the wells extended, one finds 
more and more cases of interference in neighbouring wells. Only 
that afternoon, on looking through some production figures, he 
had come across two very evident cases of interference. In both 
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cases the wells were 300 ft. apart, and in each case one well dropped 
in production while its neighbour’s production either rose or kept 
its graph level. 

It would therefore appear that production evidence in Trinidad 
is slowly pointing towards a larger spacing than 300 ft. in places 
where back pressures are being kept on the sands. 


Mr. G. N. Critchley queried the Author as to the physical 
or mathematical significance of lambda and the process by which 
a value was assigned to it in regard to spacing. 


Mr. H. C. W. Johnston said that as far as Trinidad was 
concerned, he thought that, up to now, well spacing had been 
largely a matter of rule and thumb. They used 300 ft., but he 
did not think there was any scientific or mathematical reason why 
they used that distance, and it seemed to him that although it 
was impossible to reduce spacing to a mathematical formula there 
were certain principles which, if logically applied, might alter 
their ideas of well spacing. 

He thought to a large extent Trinidad fields had been developed 
on the crest of structures, and that was why they had so many 
apparently contradictory results. At one time they heard a lot 
about lenticularity of sands, but he understood that theory had 
gone out of fashion with geologists now, and they were talking 
about block faulting, and probably when they had used the 
Schlumberger electrical coring device a little longer, and it 
had developed to a higher standard of perfection, they would 
be talking about unconformities and other geological mishaps ; 
these were all convenient refuges for people who happened to make 
a mistake. 

The Author had divided his fields into three categories. It would 
be very interesting to know whether he personally had any know- 
ledge of a field that he could definitely place in any one of those 
categories. As he had said, their results were very contradictory; 
they had wells that showed every sign of being under hydraulic 
control, and then they found right next to them other wells which 
were undoubtedly under what the Author calls Volumetric Control. 
On the other hand, they found wells which were typically crestal 
and in the offset wells they found the sand had been watered. It 
was very difficult for the ordinary man to visualise what was taking 
place when one got a well which was typical of crestal conditions 
and 300 ft. away he found that same sand watered. 


The Chairman (Mr. A. F. Dabell) said that the subject of this 
paper was closely associated with the last on the  verticality 
of wells, and he repeated that as every well drilled had an 
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increasing radius of drainage, he thought this feature to be the 
governing factor in the matter of well spacing. 

He joined issue with the Author in his declaration that “ spacing 
should be a little wider than the radius of interference,” as he felt 
that the time factor should be taken into consideration and wells 
should be so spaced that within a reasonable period their circles 
of influence should overlap. 


The Author, in reply, said that Mr. Kirby asked what was the 
probable cost of drilling in California to-day, as on the figures 
given it ran out about $21 a foot. These figures were obtained 
in 1928-29, when, as they knew, conditions in America were booming 
and money was spent like water. He should imagine that to-day 
those costs were at least 30 per cent. and possibly 50 per cent. less. 
In other words, the cost of wells down to those depths has probably 
been reduced to $15 and possibly $10 per foot. He knew the 
cost in Mexico was as low as $10 per foot roughly, and Mexican 
practice being so close to that of the States it was probably about 
the same in both places. 

Mr. Richard objected to the use of the terms “ Oilfields under 
Hydraulic Control’ and “ Oilfields under Volumetric Control,” 
and suggested “‘ water drive ’ and “ gas drive.”’ The first phrase 
was quite agreeable to the Author, and it was often used in practice 
—i.e., ““ water drive ”’ in the place of hydraulic control. The terms 
were commonly used to express the same meaning. He would, 
however, not be in favour of substituting “‘ gas drive’ for volu- 
metric control, because to a lot of people it conveyed something 
entirely different. To one who had studied the subject from every 
angle and knew what one was talking about the term would be 
quite correct, but it might be confused with other things. Volu- 
metric control to his mind was technically correct, since the concep- 
tion of a field under volumetric control was that “p”’ varies 
as “‘ vy” and as “‘v” was reduced so also was “ p.”” He thought 
Mr. Capito could give them some accurate figures on that from 
Persia. In Persia they knew exactly to a pound almost how much 
pressure drop they could expect if a given quantity of oil was 
abstracted. 

Mr. Richard also raised the point that spacing could be applied 
to lenses if they were big enough. He quite agreed that what he 
might call ‘‘ lense hunting ’’ was not a very profitable game. 

Mr. Richard referred to the Author’s statement about deep sands 
being less broken and enquired whether the latter meant geologi- 
cally or geographically deep. He meant both. He thought it 
was general experience that geologically and geographically the 
deep sands were less broken than the upper sands. If they took, 
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say, the upper series in Trinidad near the crest, they seemed to 
be very much broken up, and as they go down near the flank they 
were less broken up. 

On the question of Dr. Haseman’s assumptions (the point was 
touched upon by Col. Hickling) he thought the Doctor had no 
ulterior motive in making his first assumption, but he thought, 
as Col. Hickling indicated, Dr. Haseman took very great pride 
in making it because it could not be refuted ! 

As regards the question as to whether 5, 10, 15, 20 and 25 per cent. 
was necessary for the formula or whether it was introducing more 
complications, it was necessary because if one took 20 per cent. for 
the basis and worked out the figures accordingly, somebody would 
query the 20 per cent. and suggest it might be 10 per cent. That 
was why the alternative figures 5, 10, 15, 20 and 25 per cent. were 
putin. Mr. Richard read him right ; the formula was a backward 
check ; the unknowns had first to be found. The formula, as he 
understood Dr. Haseman’s original idea on it, was more of a check 
rather than a proposition for definite spacing. Mr. Richard also 
referred to Dr. Haseman’s recent work based on cumulative curves. 
The Author thought everybody who was interested in the subject 
of spacing was working along those lines now. He had introduced 
the formula in this paper as a basis for discussion. It was a good 
backward check and was based on results obtained in two fields 
in Oklahoma. Modern investigations were now along the lines of 
cumulative curve and recovery per acre. When the thickness of 
the sand and the degree of saturation were known, one could 
arrive at the value of lambda in the formula and then postulate 
the percentage of recovery. 

The point was brought up that pairs of wells in Trinidad had 
showed no interference, and Mr. Dabell also mentioned that he 
had never seen it. The important thing to remember was that 
wells would not show interference unless they were drilled at 
the same time, though there might be insidious interference which 
could not be definitely traced. If one well was drilled at a certain 
period and its offset a year hence the interference would not be 
evident. The offset might probably be worth 25 per cent. of what 
the original well was worth. To actually see interference the two 
wells must be drilled about the same time. Another way in which 
interference had been found was losing circulation of mud to a 
producing well offsetting a drilling well. Mr. Richard cited two 
wells which had shown interference at 550 ft. 

Mr. Fletcher raised the point of experience versus formula. He 
did not like the expression “ experience ”’ versus formula though he 
had used it himself at times. Experience must be combined with 
formula; that is, science must be used to help experience and 
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explain experience ; what they found in the field must be explained 
because there were certain natural laws which at present, at any 
rate, held good and which they could not get away from. As long 
as they based their formulas on results from the field they were 
all right. 

He quite agreed with the general idea that to try to base one’s 
operations first on a formula and secondly on experience was wrong. 
Formula must follow the experience. 

Mr. Fletcher also raised the point of how did they arrive at 
lambda. Here again you had got to work backwards. In order to 
find the spacing constants for a field one must determine the 
thickness of the sands, the drainage area per well, the saturation of 
the sands, and the known production from a given group of wells. 

Mr. Fletcher also raised the point of one well upsetting one’s 
calculations. That was perfectly true, but the tendency to draw 
conclusions from one well which might be a freak must be very 
strongly guarded against. 

Mr. Harris raised some important points and he gave some very 
interesting figures showing how a very small percentage of the 
footage drilled in Trinidad, Rumania and Russia had produced a 
large percentage of production and he was of opinion that those 
figures rather brought out the fact that the question of oil produced 
by a well was largely a matter of hitting a lense or sand body. The 
Author was very glad for those figures because he thought in fact 
they showed exactly the reverse. He thought the figures showed 
only too clearly that the initial wells drilled in those fields had got 
the oil and the subsequent offsets drilled too close had not been 
worth very much. The town lot drilling campaigns in the States 
were wonderful examples of that. The first man gets his well 
down and he collects the cream, hence the frantic haste in the 
States during offset campaigns. They all know that the first man 
who gets his well down will draw the cream of the production and 
the Author had seen in an area about the size of the room two rigs, 
a boiler and gas trap jammed up against each other and the first 
man to complete his well got some oil and the second got none. 
In Rumania also, in the bigger fields, wells had been pretty closely 
drilled and perhaps the same thing applied to Russia ; Mr. Dabell 
could probably tell them about that. 

Mr. Dabell : ‘“ Russia was worse than Rumania.” 

The Author thought that Mr. Harris’ figures bore out that the 
wells were drilled too close. An interesting thing would be to 
know when the wells on the field that got the 60 per cent. oil were 
drilled. Were they the first wells drilled ? 

Mr. Harris also brought up the question about drilling for 
pumpers. He agreed that drilling for pumpers in certain cases was 
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quite a sound policy ; if you had a field where a certain amount of 
oil of high gravity was known to exist, cheap wells could be put 
down for $3000 or $4000, and if a pumper could be got it would be 
worth while. The initial development of the field during the early 
stages, however, was the important time, particularly in volumetric 
fields, so that the gas energy is not blown off. 

Colonel Hickling made a very good comment with his remark 
that an oil company’s object is of course to obtain the largest 
amount of profit. The point the Author particularly wanted to 
stress was that the greatest production did not always give the 
greatest profit. Colonel Hickling brought out the converse that 
the least cost did not necessarily give the greatest profit. 

He also asked whether Dr. Haseman meant that more than 
25 per cent. of oil could not be obtained in the reservoir. The 
Author did not think that was meant, but the consensus of opinion 
at the time the Doctor propounded that formula was that some- 
where between 20 per cent.—25 per cent. or lower was probably the 
actual limit of oil recovered and that was the only reason why 
Dr. Haseman did not go any higher and carry the formula further. 

Col. Hickling also queried the use of the words: “ artificial 
lift ’’ and expressed preference for the term: ‘ wells which would 
not flow.” The Author thought that quite sound, particularly 
from the point of view that artificial lift would nominally cover 
wells which would just flow if assisted by gas lift. 

The distinction between drainage interference and _ pressure 
influence was apparently not made clear in the paper. In conclusion 
he said “ careful records of pressures and production should be kept 
to determine what distance real drainage interference takes place 
Spacing should be a little wider than the radius of interference.” 
He was referring to drainage interference. Mr. Dabell also brought 
up the question of radius of pressure interference which he thought 
was very wide as time went on. 

Mr. Capito brought up the question of whether the depth of the 
well did not affect the spacing question from the point of view 
that a shallow well could be drilled fairly cheaply and the operator 
could therefore drill more wells and content himself with a smaller 
production per well. That was a point that had often cropped up 
and the Author was of opinion that it should not because the same 
factors affect spacing in the shallow areas as in the deep, viz.: 
conditions in the sand, drainage radius, interference, pressure 
influence, ete. There was no reason why these factors should not 
have exactly the same effect at 1000 ft. as at 3000 ft.4000 ft. and 
if it was found better to drill wells from the point of view of flowing 
recovery at 600 ft. or 1000 foot spacing for a well 4000 ft. deep he 
could not see why it was not proper to drill wells at the same 
spacing at a depth of 1000 ft. if the same underground conditions 
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existed, with the proviso that shallow pumpers could be drilled as 
intermediate wells afterwards if it was desired, but from the point 
of view of flowing recovery he could not see that the depth of the 
well entered into the question. 

Mr. Capito also raised the point of repressuring affecting spacing. 
It did very strongly of course and he did not touch on it in the 
paper because the paper was entirely confined to the use of the 
natural resources and energy. He would make one point on that 
subject, 7.e., that with the latest development of repressuring, which 
was putting the gas back in the structure from the beginning, 
almost as soon as exploitation of the field commenced it had the 
effect of converting a field under volumetric control into hydraulic 
control or very nearly so, in other words if the gas is put back as 
fast as it is taken out hydraulic conditions are created and with 
such conditions wells could be spaced very far apart indeed. 

He also mentioned that at a meeting in the United States of 
America, Herold called the Haseman formula an “ approximation 
formula.” He also said at the same meeting it was indicated that 
the data were obtained from a field under competitive drilling. It 
was obtained from Bartlesville, but it was also obtained from the 
Nowata district, Oklahoma. The greatest number of wells per 
10 acres was 1-5, which would give a spacing of about 650 ft., which 
was hardly highly competitive conditions. He thought in the 
Bartlesville district there was one case where there were three wells 
per 10, but the bulk of the wells were spaced | per 10 acres so that 
although the wells were produced pretty hard, the spacing was 
fairly wide and even. 

Mr. Critchley asked what was the significance of lambda. It 
had a mathematical significance, but he did not think it had a 
physical significance. 

Mr. Johnston sounded a good note when he asked why was 
300-foot spacing used. He thought that whoever fixed 300-foot 
spacing should be given credit for it, because at the time that that 
was fixed it was common practice in the States to walk from one 
derrick floor to the next. 

Mr. Johnston also asked if the Author knew definitely of any 
field under one or other type of control? Mr. Capito had already 
remarked about Persia, which the Author had no doubt was 
under volumetric control. From the Author’s experience he knew 
of one field under hydraulic control. How they definitely deter- 
mined that was by an argument they had as to how much tubing 
to be put in a well. They decided to put in a certain amount of 
tubing, but subsequently it was decided there was no necessity for 
tubing. The casing pressure was 1350 lb., the gas-oil ratio at the 
top was 27, measured volumetrically or cu. ft. of gas per cu. ft. 
of oil. The casing head pressure was equivalent to 90 atmospheres, 
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and they assumed that the pressure at the bottom of the hole was 
at least that, and it was of course probably more. The absorption 
factor of the oil was 0-5, while the gas-oil ratio at the bottom of 
the hole based on the casing pressure at the top was 0-3, so that 
the gas-oil ratio at the bottom of the hole was actually less than 
the absorption factor. In other words, all the gas at the bottom 
of the hole was in solution, and in fact the oil was not even saturated 
with gas. There was no doubt, therefore, that the energy at 
bottom was hydraulic since all the gas was in solution. This was 
clearly illustrated by the fact that wells when beaned up by + in. 
would produce water and oil, and when beaned back again would 
produce clean oil. ° 

Mr. Dabell referred to the increasing radius of drainage which 
he thought he had already dealt with. As he said before, the 
question of interference was a matter of drainage interference, 
and could only be detected if the wells were drilled and produced 
at any rate in the same year and, better still, in the same six months. 
The radius of pressure influence was, of course, almost unlimited. 

Mr. Dabell also referred to the economic aspects brought up, 
which was of course absolutely essential. One could not divorce 
the technical from the economic in an industry. 

The Author had already answered Mr. Dabell’s point about 
300-foot spacing when he said that he himself knew of no definite 
case of interference at 300-foot spacing. There, again, the Author 
thought it was a matter of completion time and records available. 
To get definite evidence of interference of wells they must be 
drilled and produced about the same time and careful records kept. 

If they were not, the interference might be there but could not 
easily be detected. All that could be said was that the first well 
was good and subsequent offsets were not. 

Mr. Dabell also enquired regarding capillary control, which 
Herold defined as the third type of oilfield control. Herold selected 
the word “ capillary’ because of his own particular conception 
of the physical action of the sands in resisting moyement of oil 
The Author personally did not know that the word “ capillary ” 
necessarily covered all the physical actions going on. There were 
a tremendous number of things coming in, the viscosity of the oil 
and the size and shape of the sand grains, and it might often be a 
matter of pure friction rather than capillary control. On the other 
hand, the Author knew of a case where oil was put ina joint of 1}-in. 
tubing, and the tubing was hanging vertically and the oil would 
not run out, which was a clear case of capillary action and might be 
reproduced in underground conditions with the same type of oil. 

The Chairman proposed a vote of thanks to the Author for 
his paper and to their hosts, the President and Members of Lease- 
holds Club No. 1, Pointe-a-Pierre, for the use of the building. 
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Control of Expenditures in the Oil Industry in their Relation 
to Uniform Determination of Cost.* 


By J. ROBERTSON. 


1. In the petroleum industry practical routinary arrangements 
for adequate control of expenditures are perhaps more difficult to 
devise than in most of the other heavy industries, due to the widely 
varying and changing nature of the operations, and in general the 
lower standards of efficiency obtainable where personnel is of mixed 
nationalities and the varying methods of men of many professions 
operating in distant and semi-developed countries. The aim of this 
article is to attempt to define routine required for the purpose, 
which will work smoothly under the most varying conditions without 
throwing an inordinate burden upon the persons concerned with 
carrying out operations. The principles governing such routine 
are of course elementary ; it is merely the precision with which it 
can be defined and carried out that is in concern. 

2. Without systematic checking of cash disbursements, pay- 
rolls and materials consumption, etc., expenditures will get out of 
hand. The time to control them is at the start. Accounts are no 
help because these can only be available after the event and besides 
will fail to give the true picture unless immediate examination has 
been made of the transactions by the executives responsible for 
them. If this has been done thoroughly, accounts and balance- 
sheets emerge correctly later as a matter of course. The accountant 
has therefore no responsibility in the matter as it is purely an 
executive function. But the routine of control has to be co- 
ordinated step by step into the form of the final accounts desired 
and the accountant’s training makes him, therefore, peculiarly 
fitted to design this routine. The help and co-operation of the 
executives concerned are indispensable. Indeed the routine is a 
matter for the closest co-operation always, not only in its design, 
but in its constant exercise. Accountants are heard to complain 
when their accounts are rejected as inadequate or erroneous, that 
information had been denied them ; but probably had they known 
how to design correct routine for spontaneous presentation of fact 
they would have found all honest parties anxious to assist them, 
perhaps with the exception of the kind of executive person who will 
never look at a record if he can get out of it, as contrasted with the 
kind of accountant who cannot see beyond formal balance-sheets 
and profit and loss accounts, for neither of whom there is any 
room in modern industry. A capable managing-director will 
clinch this collaboration by the issuance of standing orders, the most 





* Paper received February 28th, 1934. 
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important of which will be the one holding administrator, 
managers, superintendents and other persons in authority 
responsible for exercising in their respective spheres adequate 
vigilance over pay-rolls, materials consumption and cash payments 
for which purpose they will examine records in the manner deter. 
mined for them; and he will besides call the accountant in at 
conferences where decisions regarding new expenditures, or altera. 
tions in programme, or schemes of finance are under discussion, in 
order the the latter may know how to make such new provisions 
in the control routine as these may imply. 

3. It is not the aim of this article to enter into questions of 
systems of bookkeeping, and reference to the subject will be 
avoided. It is perhaps enough here to insist that the formal books 
of account should be so designed as to permit of journalisation of 
all transactions immediately these are perfected. The method of 
recording on appropriately designed vouchers history of trans 
actions with supporting documents and with such signatures as ar 
required to record responsibility ; and of their immediate entr 
into a journal tabulated to provide columns for the regular 
controlling accounts, meets this need exactly. This vouchering 
is of course subject to such prior accumulation of detail as can be 
carried out to advantage and without obscuring the origin of trans- 
actions so summarised. In addition, the use of registers of accounts 
payable and collectable has an important place in cash control, as 
will be explained later. The line up of accounts of property and 
installations, revenue and expenditures should be in keeping with 
the facts of practical control, and perhaps also of governmental 
fiscalisation, i.e., they must be adjusted in the first place to such 
control without vitiating their second purpose of the determination 
of capital and profit and loss. Thus, for example, the intermediary 
account controlling jobs of work outside the sphere of regular 
operation has for its prime purpose the ascertainment of work 
done with its implication of responsibility and money in hand to 
complete, but yet it must provide for the second purpose of ready 
identification of work for capital account as distinct from any 
special work sanctioned, but chargeable against revenue. 

4. The following paragraphs will treat of the broad aspects of 
control as applied to cash, labour and staff pay-rolls and material 
consumption, of assessment of cost of auxiliary services, of routine 
for sanction and carrying out of capital and extraordinar) 
expenditure, of estimates in general and of the method of presenta 
tion of returns of expenditure. Some considerations regarding 
recovery by depreciation will be expressed and matters such # 
costing touched upon. Nothing will be dealt with exhaustively, # 
to do so much more time and space would be needed, but perhaps 
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the sketch may be helpful to those who desire to pursue the subject 
farther. 

5. Cash routine is specially subject to conditions of expediency 
but, whatever may be the system in force (this would be expected 
to consist of precise methods at headquarters and more modification 
of them in their application at outlying points), cashiers should not 
be permitted initiative in any circumstances, either to receive or to 
pay. The system of control must, therefore, provide for prior 
registration of receipts and payments due, and this can be efficiently 
done by means of accounts receivable and accounts payable 
registers in the hands of the accountant. Examination by each 
executive concerned, in respect of his district, of a daily cash 
report, with paid and received accounts attached, and immediate 
journalisation of that report by the accountant, clear the cash 
every day, and a surprise cash count now and then clinches the 
matter. At outlying stations the only allowable modification of 
this routine need be perhaps lengthening of the period of clearance 
and combination of expenses in periodical accounts, with journalisa- 
tion effected at headquarters. A notice should be posted in camps 
warning employees that the management will not accept respons- 
ibility for money handed to cashiers for delivery elsewhere or for 
safekeeping, unless a receipt bearing, in addition to the signature 
of the cashier, that of the superintendent, is obtained. This cash 
control throws no burden upon the executives and it makes the 
covering up of cash shortages by manipulation of books almost 
impossible. Executives acquire moreover by daily examination of 
the report familiarity with cash requirements and an excessive 
balance of cash recorded as on hand is, therefore, expected to be 
enquired into. 

6. Engagement, registration and identification, rates of pay, etc., 
of workmen now require considerably more systematisation than 
formerly, due to conditions of social services and special legislation, 
and the personal records of men have frequently to be followed 
up and kept in some permanent form. The task is to incorporate 
into the labour recording routine automatic steps for the collection 
and elaboration of such part of this data as can be so collected. 
These requirements differ widely between one country and another, 
and do not need to be dwelt upon here. 

7. Efficient and timely control of labour is at the bottom a 
personal matter between executives and their foremen, and the 
purpose of routine is to ensure that the process of checking shall be 
constant, and that its fulfilment can be verified by the management. 
Fraud has to be made difficult, record of performance must be 
reliable, and the working time of executives and foremen encroached 
upon as little as possible. 
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8. Due to the varying conditions, e.g., plants where the most 
efficient methods can be instituted and carried out, isolated wild. 
catting camps and gangs working at a distance, etc., routine 
applicable, while it must always be strict, and rigidly enforced, 
must be so flexible as to be equally effective in exceptional condi- 
tions and without the essential principle of independent check 
being relaxed. The efficiency of incidental routine, such as exactly 
how men can be checked to and from their posts, methods of 
identification, etc., and the time-factor throughout, will play an 
important part in the systematisation necessary to establish 
effective control. 

9. The two most difficult aspects of labour accounting, viz., 
accuracy and time-limit, have been solved by the use of tabulating 
machinery. Time-checkers need now only be required to mark on 
daily machine cards supplied to them by the paymaster the hours 
worked and the performance code (details as to piece work, over- 
time, task work, sick pay, etc., can all be covered in the card) and 
to return them to the paymaster ; and pay rolls and performance 
records emerge automatically from the tabulator. Working groups 
require to be determined and coded, so that a daily pay roll for each 
group can be produced and returned to the respective chief for 
examination. These daily pay rolls are not elaborate, i.e., they need 
not contain men’s names, but their numbers only. They are 
produced inevitably as part of the machine routine, in order to 
check extensions, etc., and to allow of examination of cases where 
men are credited with rates of pay other than their regular assigned 
rates, and their further examination by the working-group chiefs 
enables errors to be dealt with before pay-day. The filling up of 
labour reports and the necessary counter-checks to them, as well 
as the tedious and dilatory work of allocation of performance 
inherent to hand systems, are overcome by automatic machine 
selection, and a standard of accuracy and promptness is obtained 
without effort and at much reduced cost. Lastly, a manager can 
clinch the daily control if he desires to, by the simple expedient 
of ordering a record to be kept in his office of the number of men at 
work each day in each group, the aggregate daily pay roll of such 
group, and the total daily pay roll. Confrontation of these totals 
with the weekly pay rolls will throw up alterations and enable him 
to enquire why they were made. Fraudulent manipulation can 
thus be made nearly impossible. 

10. The preparation of staff pay rolls is also a subject for 
tabulating machinery and it differs only in detail. There is no 
room here to enlarge upon the routine of staff control, an important 
matter in any large organisation, with its requirements of privacy 
and equality of treatment ; but it might at least be suggested as 
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a case for the strictest centralisation, i.e., that staff pay rolls and 
incidental matters should be exclusively a head office affair and that, 
where banking facilities do not exist and men require to draw on the 
company for their local needs, the sums so required should be fixed 
beforehand for reasonable periods, Men are prone to welcome 
their finances being handled for them, but this should only be 
conceded in determined cases and only then under methodical 
system, the sine qua non of which should be that all transactions 
with employees in such circumstances should be directed upon the 
staff pay roll and not left in personal accounts mixed up with the 
company’s general affairs, as frequently is the case. 

11. Staff salaries should as a rule be charged to clearly defined 
overhead accounts. The practice of attempting to distribute them 
over various services is objectionable, because it tends to obscure 
original cost and, where capital work is being undertaken, to lower 
irregularly the cost of regular operation. It will probably be con- 
sidered to be a sound ruling that only when staff is engaged 
specifically for capital work should their salaries be capitalised. 

12. Drillers’ pay rolls (men usually assured a monthly minimum 
subject to varying stipulations) should not be considered as a staff 
matter, but handled as any other daily men’s pay rolls with such 
modification of routine as the special conditions require. 

13. In general, where a company is operating over a large area, 
and there are working units in varying conditions of service and 
isolation, methods of timekeeping and labour recording will be 
practicable in plants and headquarters generally ; but the labour 
report will continue to be the basis of outlying camps, etc. Even 
in the latter case, unless isolation is very great, pay rolls can be 
made up at headquarters. At all events, what has to be aimed 
at is to keep a common basis of routine, and to see that no special 
arrangements violate the general principles. 

14. The stocks of materials required unavoidably by oil companies 
operating far from markets are always a cause of anxiety to 
directors. Considerable sums can be tied up in such stocks and, 
unless carefully controlled, they have a tendency to grow beyond 
requirement, due to a variety of reasons. Their bewildering 
diversity, difficulty of precise identification, errors in weight and 
measure, etc., so complicate the problem of their accounting that 
records of them used to be in general tardy and only roughly 
approximately correct, and contributed little to the task of limiting 
the stocks in diversity and quantity. Incidentally, the desperate 
remedy of periodical inventory muddled the records still further 
besides interfering with regular routine. 

15. The adoption of technical codes of identification, better 
understanding of sound principles of materials costing, systematised 
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marking of articles, and the use of tabulating machinery, have now 
deprived storekeeping of its terrors, and accurate and prompt 
records can now be obtained with no trouble. 


16. In planning the accounts required to control the various 
stages of the work, it will usually be most suitable, unless the 
establishment concerned is a small one, to restrict the control 
in the general books of account to one departmental account, and 
to reflect it by a subsidiary ledger in the hands of the stores 
accountant, thus enabling him to journalise from original documents 
and to maintain strictly the time-factor of transactions. On 
broad lines his task is to track the material from the stage of 
delivery into his costing media and from there into the stock 
accounts ; to concentrate issues and returns as to article and 
purpose of issue, to discharge his stock accounts, to deal with 
the conclusions of running inventory and in general to produce 
statistics of purchase, consumption and stock. Examination by 
the chiefs of working groups of daily issues sheets of material 
drawn will enable immoderate consumption to be checked and 
promote return to stock of excess drawings, and allow of verifica- 
tion of the initial indication of services to be charged. Classi- 
fication of stocks into the groups provided by technical codes 
of identification enables the nature of the materials investment 
to be clearly judged, obsolescence determined and group percentage 
of oncost fixed to cover obsolescence, etc. All material purchases, 
whatsoever their nature, whether original plant or current stores, 
or even furniture and stationery, should be handled by the regular 
materials organisation. Irregularities and misunderstandings can 
so be avoided, laid-down cost correctly ascertained and responsi- 
bility for correct delivery fixed. Laid-down cost, once fixed at 
headquarters, should not be added to by later cost of freighting 
to subsidiary stores, such additional cost being best absorbed in 
the overhead accounts of the districts affected. The fact that 
articles may regularly be dumped in works should neither be 4 
reason for subtracting them from the jurisdiction of the materials 
organisation which is the best qualified to account for them and 
to provide for their replacement at the proper time. Routine 
adequate to deal with each step of the work is, while elementary 
in theory, involved and meticulous in practice, and all that has 
been attempted here is to give some broad indication of the lines 
along which it can be designed. 


17. The giving of numbers to impersonal accounts of expenses 
is an old practice designed to facilitate classification of expendi- 
tures. This numbering has, however, undergone new development 
with the advent of tabulating machinery because it can now be done 
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under decimal progression, which allows of systematic group- 
classification in addition to detailed identification, and its 
flexibility allows of the insertion at any time and in the proper 
place of additional code numbers as circumstances may require. 
This method of decimal progression makes it possible to avoid 
the placing in any person’s hands of more than the limited part 
of the code that concerns him. Thus, only the managing, 
accounting, stores and engineering groups need be in possession 
of the full code. 

18. In addition to direct operating cost, the repairs bill in 
the petroleum industry is a source of expense that calls for special 
measures to keep it within bounds and to prevent confusion 
in the general costs. Some preliminary definition is required 
of what repairs are, in order to provide the routine of control 
best adjusted to each kind. The following grouping is suggested 
as fairly adequate for that purpose : 

(a) Ordinary Maintenance: covering day-by-day replacement, 

for which the engineering staff is not called in, and whose 
cost is merged into the cost of operation which it is only 
presumed to increase in as far as the cost of replacement 
material is concerned. 
Ordinary Repairs: embracing practically all repair work 
expected to recur at reasonably frequent intervals, for 
which the engineering staff must be called in or special 
personnel employed. 


(b 


— 


— 


Extraordinary Repairs : being restoration or rehabilitation of 
property when the stage is reached where ordinary repairs 
can no longer keep it in good condition. This class can 
recur only at infrequent intervals. 


(Cc 


As indicated, group (a) are carried out under the regular operating 
account code-numbers, no increase in labour cost arising; and 
only the material used requires examination. Group (6) can 
likewise be carried out under the same numbers, but it will be 
found advantageous to prefix to the number a symbol, say the 
letter ““ R,” which can be so translated to the machine-card that 
by mechanical selection complete data of this group of repairs 
can be extracted for separate examination. Group (c) are best 
handled through the routine laid down for capital expenditure 
on construction. Whether they may be capitalised or charged 
against revenue will depend upon circumstances. 

20. Capital expenditure on new construction requires a very 
precise routine of sanction in which estimated cost, the time 
required, the capital group concerned, and the rate of deprecia- 
tion required to ensure recovery of the capital should be 
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determined. Registers are required to record the expenditure 
made under these sanctions, the balances in hand (also excess 
sums spent and decisions regarding them) and the date of final 
inspection and transfer to the capital records. Even when the 
expediency of capital work may have been discussed, in committee 
or by letter, and an immediate start authorised, the registers should 
record such actions, to be followed up by the regular routine 
of application and sanction upon which alone performance can 
be based. The special numbers required in these registers must be 
adjusted to the general system of account-numbers. The rules 
governing construction for capital account can be applied with 
slight modification to any class of disbursement other than the 
regular revenue expenditures. 

21. Operation of workshops is liable to be carried on wastefully 
and to be a cause of continual dispute unless clear-cut arrange- 
ments are in force as to the work that may be undertaken and 
how oncost in particular can be determined. Authority to under- 
take work, conveyed usually on slips or cards designed to show 
the estimated cost, the time required, the account-number to 
be charged, etc., meets the requirement exactly when work 
requiring time and special materials are concerned. But such 
routine can become vitiated if there are many petty jobs in 
respect of which exact compliance with a formal routine would be 
onerous and needlessly expensive. Steps can be taken to meet 
such a situation without breaking down sound general practice, 
say, by the use of subsidiary time-cards for the artisans engaged on 
such general work. 

22. Shops overhead should be ascertained in the stage of 
initial control by segregation of direct and indirect labour and 
materials, and it should, as far as possible, be placed upon a 
competitive basis, that is to say, that the percentages of over- 
head to be charged to special work other than the general 
maintenance for which the shop usually exists should not be too 
inflexible. A case in point is the reconditioning of equipment, 
frequently discouraged because workshop costs are produced in 
excess of reasonable reconditioned value, due to assessment of 
heavy overhead which might be right and proper in regard to the 
general maintenance account, but detrimental in this particular 
case, since the result is to lead to purchase of new materials where 
reconditioned material might well meet the requirement. It is 
difficult to suggest hard and fast rules, but rules of some kind 
are essential if shops can be kept profitably employed. 

23. The matter of allocation of results in general and auxiliary 
services, such as haulage, pumping, transport, light and power, 
steam, air, etc., although not essential to initial control, becomes 
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of importance when treating costs require to be worked out. 
This allocation must be based upon data built up from the per- 
formance reports, the form and accuracy of which is an executive 
concern; and the accountant’s mission is merely to work out 
and apply the cost of service rendered to the groups of expendi- 
tures concerned. Opinion will vary as to how much distribution 
of cost of auxiliary services may be necessary. In refining plants 
it is unavoidable as the cost of such services forms a heavy 
proportion of the treating and other costs. In fields accounts, 
however, the scheme of which must essentially be mainly 
geographical, it may be found almost impossible to allocate 
profitably some auxiliary operations, in which case they are better 
dealt with as overhead charges. 

24. In the case of auxiliary factories, it is usually advisable to 
make arrangements with the materials department for it to 
accept and deal with their production, for the disposal of which 
the working routine of that department is available. Usually, 
too, it will be found advantageous to fix approximate units of 
cost for the prompt taking over of such production, leaving them 
to be adjusted later when precise cost can be available. 

25. Under clearly defined routine the steps referred to in 
the foregoing paragraphs are carried out regularly and smoothly, 
especially so if tabulating machinery is employed, and the time 
comes when statements fall to be produced exhibiting the results. 
It is not possible to describe such statements in detail, but on 
general lines they should be so designed as to retain in vertical 
columns the origin of expenditures, and horizontally the accounts 
afiected ; and so segregated that individual executives may 
receive for examination the part that concerns them alone. These 
statements should contain, moreover, the original sums estimated, 
for comparison. 

26. The quantitative records required to track oil and its 
products must obviously run parallel to the classification of 
production expenditures. Indeed, it is more correct to say that 
they will determine that classification. Some companies are 
satisfied with the general data required for the final determina- 
tion of profit and loss, data which by their nature are necessarily 
available, viz., opening and closing stocks, sales, etc., rough 
balancing of which establishes production. In this case such 
operating reports as may be kept of input and output, pumping, 
etc., do not reach the accountant and he may be provided instead 
with periodical résumés of fields production and refining process 
movement which he agrees roughly with the facts established by 
the difference between closing stocks plus sales less opening 
stocks, etc., as mentioned. 
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27. Opinion will vary as to what extent it is considered 
profitable to track production and process and to determine 
losses; and, as already stated, the extent to which it is done 
will determine largely the account classification of expenditures, 
The matter presents no difficulty in respect of fields operations 
where simple daily record of tankage content, coupled with 
arrangements for determining quantities used for fuel, and specific 
losses through pipeline accidents, withdrawal of tank bottoms, 
etc., are all that is required. Natural gas is a complication which 
neither presents much difficulty. But to track oil in process 
through a large refinery involves certain problems which can, 
however, be overcome by co-operation between the technical 
superintendent and the accountant, viz., the impossibility of 
precise calculation of quantity due to varying temperatures, 
processes where part of production is used as fuel, tanks receiving 
and discharging simultaneously, etc., etc. They have to be got 
round in a reasonable manner, if refining is to be closely followed up 
and uneconomical treatment avoided. 

28. The difficulties are, however, never so insoluble as they 
appear to be. Men habitually in charge of plants and tankage 
reach a high level of precision in determining input and output 
and, when the record forms are properly designed for them, it 
is astonishing how nearly accurate the final picture can be made. 
The part of the accountant consists in designing a suitable daily 
journal in which the daily reports can be contrasted, differences 
between interlocking reports enquired into if exceeding fair 
limits of calculation, and normal differences thrown out for 
general adjustment. With such a journal balanced out daily, 
and totalled once a month, tabulating machinery can be used i 
extract the results, against which the corresponding expenditures, 
identically classified, can be contrasted. 

29. Estimating for operating expenses is a periodical affair, 
say half-yearly at the most, and must be done in harmony with 
the system of account-numbering. The same forms as used for 
exhibition of actual expenditures can therefore be used, and 
such supplementary data as are required, e.g., labour rates to be 
paid, numbers of men to be employed, etc., annexed. Where 
important changes in programme require modification of a period’s 
estimate, a simple expedient is to return to the executive affected 
his original estimate to be altered in ink of another colour, thus 
showing up graphically the changes required. 

30. So far, the only mention that has been made of deprecia- 
tion has been the suggestion that applications for sanction of 
capital expenditure should bear indication of the annual percentage 
of recovery. Ample discussion of the subject of depreciation 
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would be beyond the limits allowable here. Practice may be, 
moreover, governed to some extent by the incidence of govern- 
mental allowances for the assessment of taxation. But as a good 
deal of vagueness is encountered in appreciating the fundamentals 
of the subject, with resultant curious effects upon costs, emphasis 
should be laid upon the desirability of removing it from the 
field of mere expediency and of attending to it with some measure 
of logic and constancy. 

31. Although to the English mind any kind of capital recovery 
will be broadly termed depreciation, it is perhaps wise to establish 
a difference between capital invested in plant and normally 
recoverable over the presumed useful life of such plant, and 
the other aspect of the measure of recovery imposed by wider 
conditions of finance. These two aspects of the question might 
be termed for convenience depreciation and amortisation, and 
the accidence of the merging of the one into the other in some 
circumstances can be set aside here. 

32. Nothing can be gained by the incorporation in expenditure 
statements of data of depreciation. Capital expenditure is 
controlled at the time it is incurred and it cannot be a concern 
of the individual executives responsible for economic operation. 
But in the secondary stage of costing (a private matter of 
economics with which those working executives are not either 
concerned directly) depreciation must be taken up if reasonably 
true cost is to be ascertained. As already stated, good order 
will require determination of rates applicable, when a plant’s 
construction or acquisition is sanctioned; the effect of this 
being that the settlement of this important point will not be 
left to the judgment of clerical employees ignorant of technical 
matters and compelled to do something in default of the proper 
persons, but that it will be in keeping with the technical know- 
ledge and intentions extant at the time of construction. In 
short, all capital investment for which an approximate life or 
period of usefulness can be adjudged, should be depreciated in 
the measure of that life or period of usefulness, and the resultant 
charges held to be an integral factor of cost. 

33. Amortisation as here postulated is in a different category. 
For example, in the oil industry installations cannot avoid being 
considered in conjunction with the available oil supplies and the 
shifting of zones of production, apart from the wider implica- 
tion of changing marketing conditions and adoption of more 
economical methods of production and treatment; and it is 
essential to take cognizance of these circumstances and to set 
aside sums adequate to guard against unpleasant surprises. Such 
sums should, however, probably not be absorbed in costs, due to 
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their excessive range of fluctuation by reason of the necessarily 
vague premises upon which they can only be based, but appro. 
priated from profits. The rights of shareholders necessarily arise 
in connection with this matter of amortisation because, whereas 
the provision of depreciation may be regarded as a sine qua non 
before profits can be thought of, it is obvious that amortisation 
reserves should not be permitted to increase inordinately working 
capital to the detriment of the shareholders. 

34. In the petroleum industry there is one branch of expenditure 
that is the cause of much divergence in the methods devised for 
its recovery—namely, fields expenditures. It has already been 
mentioned that classification of fields expenditures in general 
must for practicability’s sake follow geographical lines. By this 
is meant that expenditures are best separately recorded, district 
by district, and station by station, under an appropriate system of 
account-numbering qualified, when costing is taken up in the 
secondary stage, to enable the purpose of such expenditure to be 
defined and dealt with according to the requirements of manage- 


ment and ascertainment of profit and loss. In addition to the’ 


geographical group of accounts, there will, however, be a second 
group covering transport, etc., and overhead (headquarters, 
petroleum engineering, geological, etc.), which may conform only 
partially, if not all, to a strictly geographical plan of accounts. 

35. No successful arrangement can be devised to determine, at 
the source by the use of account-numbers, which of these 
geographical and supplementary expenditures can be held to be 
applicable to production and therefore chargeable to current 
revenue, and which might fairly be capitalised and dealt with 
under some plan of amortisation. Unless the particular conditions 
of exploration and exploitation lend themselves particularly to 
this separation, it is not advisable to attempt it, in the first place, 
because it would involve such splitting up of expenses as to obscure 
their origin and thus make worthless for their purpose of review 
of control the individual statements of expenditures supplied to 
executives of work for which they are responsible. 

36. Stating this in another way, it is obvious that the deter- 
mination of the capital and the revenue charge respectively must 
be based upon producing and non-producing wells, or rather upon 
cost of drilling in areas already proven as opposed to unproven 
areas. If, for example, this differentiation were accepted, the 
aggregate of expenditures in unproven areas as determined in the 
expenditure statements could be capitalised en bloc. But it rarely 
happens that the expenses of a particular district can be dealt 
with so simply, because expediency and economy will govern the 
choice of centres of operation from any of which both classes of 
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expenditure may be simultaneously conducted. Again, and 
particularly so in undeveloped countries, the direct expense of 
drilling which must be the determining factor in deciding what 
is a capital and what is a revenue charge is overwhelmed by the 
immediate overhead of camp maintenance, plus a second overhead 
for transport, and yet a third for proportion of geological, engin- 
eering, district management, maintenance of leases, etc., etc. 

37. But Governments may insist upon some form of capitalisation 
for the assessment of income tax, and, moreover, in the case of a 
company obtaining its first oil supplies, capitalisation is inevitable. 
Decisions as to the course to be followed should, however, be taken 
when the secondary stage of costing is completed—i.e., it should 
never be a concern of the men carrying out the work nor should it 
affect their plain statements of expenditures. In dealing with 
fields construction, a line should be drawn between the temporary 
installations of camps and that of a major and more permanent 
nature—e.g., trunk pipe-lines, pump-stations, heavy tankage, 
compressor plants, etc., to allow of the first group being dealt with 
under some plan of short-term amortisation ; and in both cases 
the routine laid down for application for and granting of sanction 
should be applied. Drilling programmes should also be sanctioned 
and recorded under a branch of the same routine. 

38. When a company’s problem is to maintain, and not to 
obtain, initial production, its directors are hardly likely to be 
willing to spend yearly out of capital for that purpose. They will 
probably regard further provision of oil supplies as purely a main- 
tenance charge, to be met yearly out of revenue; thus the question 
of what fields expenses are strictly for capital and what for revenue 
account becomes an academical point of merely statistical import- 
ance. They may elect, moreover, to create an equalisation fund 
for the purpose in order to meet the condition of fluctuating 
disbursement under the heading of capital. 

39. There is a kind of plant whose capital cost cannot be recovered 
properly under the plan of depreciation already described, namely, 
loose plant. Incidentally, it is not easy to make a true theoretical 
distinction between loose plant and fixed plant, but a distinction 
must nevertheless be made in order to permit of the plant being 
tracked from place to place and to apply special rules for its capital 
recovery. If it be therefore accepted that loose plant can be held 
to be such plant as is “ loaned ”’ to a job, to be returned when the 
job is finished, that the cost upon which depreciation will be 
calculated will always be laid-down cost at store on purchase, the 
job to bear the cost of transport to site and temporary installation 
and later removal, and that depreciation is only chargeable to the 
job corresponding to the time the plant is in service, a practical 
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distinction is obtained and the way is clear for systematic account. 
ing for the plant and the assessment of depreciation. 

40. This practical distinction and attendant routine is mainly 
intended to cover only certain groups of mobile, not exactly loose, 
plant, namely, rigs and drilling equipment, pumping equipment, 
fields boilers, compressors, etc., etc., which are temporarily installed 
and later removed, where the problem is to know exactly where 
it is and to ensure that the corresponding well or field or service 
pays a due proportion of its cost. It can be overcome by organ. 
ising a routine under which transfer of this plant is accompanied 
by remission notes in which agreed references are quoted, which 
notes the plant clerk posts to his records ; and monthly inventory 
forms, filled in by the group chiefs, enable errors and omissions to 
be corrected. The plant clerk then assesses the sums to be charged, 
which he also notes in his records. Advice as to scrapping and 
other contingencies can be added to those monthly inventories for 
overriding examination and sanction. 

41. The sums to be assessed for use of such plant must conflict 
in some measure with regular depreciation. As an example, a rig 
may stand at a well-head long after it is required and until it is 
convenient to remove it. A depreciation charge based on the life 
of the rig would in such a case be an unjust burden. The point 
can be, however, met by a scheme of assessment of “ rentals,” 
these to be based on useful life but chargeable strictly for service 
rendered. Such “ rentals ’’ should be taken up in the expenditure 
statements because they are controllable as concerns the time- 
factor by those responsible for the job, but the accountant will be 
well advised not to consider the aggregate of such “ rentals ” as 
the sum he may take credit for as depreciation, but will pass them 
instead to a special account against which true depreciation can 
be applied. Any excess of rentals during the year over deprecia- 
tion he can set aside as the directors may instruct. 

42. In addition to the peculiar group of plant just described, 
there is of course a mass of actual loose plant and tools which can 
be dealt with by periodical inventory and regular depreciation. 
Tabulating machinery is an immense help in keeping all such 
plant records. 

43. The methods of control have been described here in their 
relation to field work and refining, but they are applicable also to 
selling organisations without fundamental alteration and merely 
with some modification to meet the special requirements of the 
latter, which is largely a problem of stocks and cash. 

44. Study of the matter of control and the methods of exhibition 
of expenditures are a preliminary to a uniform accounting scheme 
which, if the main oil groups could be brought to be interested in 
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it, would contribute largely to a common understanding as to the 
method of determining reasonable cost per barrel of crude, over 
which at present there is such diversity of opinion and practice. 
As for the cost of petroleum products, while technical and marketing 
considerations must continue to govern the apportionment of the 
cost of the oil content, at least treating costs would be uniform. 
These matters, however, must be left to another article. 


REVIEWS. 


PETROLEUM PRODUCTION ENGINEERING. Om FIELD DEVELOPMENT. L. C. 
Uren. New York and London: McGraw-Hill Book Co., 1934. Pp. x+ 531. 
30s. net. 

In 1924, the Author of this book published a work which it was intended 
should act both as a text book for students and as a reference manual for those 
who desired to refresh their memories upon technical matters connected with 
the Industry. The present work has been published to fill the same need, 
but such has been the technical progress made during the last ten years that 
it is now necessary to allot two volumes to the subject. The first volume of 
the work is confined to oilfield development, and production methods will be 
dealt with in the second volume which is not yet to hand. 

Each section is completed by a lengthy bibliography and those sections 
which have already appeared in the original book have had the more recent 
references added. 

The book is well produced and contains a considerable amount of new 
material. An interesting addition to that portion of the book which deals with 
the Geological, as distinct from the Drilling side, is the section dealing with 
Aerial Mapping and Geophysical Exploration Instruments and Methods. The 
explanations of these methods are not very detailed but the bibliography at 
the end of the section contains a number of references on this subject. 

The section dealing with the development of the Field has been augmented 
and now contains considerable information on the spacing of oilwells and on 
Unitization. 

The main portion of the book deals with Drilling Equipment and Methods, 
and considerable changes have been made from the corresponding parts of the 
first book. With the great depths to which wells must now be drilled more 
importance must be attached to Derricks and Derrick Foundations. Prof. 
Uren has devoted a great deal of space to this subject and has included the 
recommendations of the American Petroleum Institute for the computations 
of the various factors involved in the design of derricks. 

Casing Installations have been dealt with in more detail and the formule 
needed to design such installations to withstand the stresses developed under 
different conditions are given. 

Formation Testers are dealt with in the chapter entitled ‘* Finishing the 
Well’ and much more detail is given in the section devoted to the Control 
of and Equipment for High-Pressure Wells. 

Electrical Coring, Graphical representation of water analysis and well 
surveying instruments are all explained in the chapter on ‘‘ Well Records.” 

The scope of the subject matter covered by this book does not allow the 
individual sections to be dealt with in very great detail and any criticism of 
such an excellent work is difficult. It is rather surprising, however, to find 
so much space allotted to Churn Drilling Equipment and Methods when one 
remembers how little such systems are used at the present time. Some of the 
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space occupied by this section might, with advantage, have been utilised t 
explain in more detail the various Geophysical Exploration instruments and 
methods, the Schlumberger method of Well Surveying, the Turbo Drill andg 
number of other sections where the present explanations may be difficult for 
a student, with little or no knowledge of the Industry, to follow. No mention 
is made of Acid Treatment for wells producing from limestone formations, 
although this practice appears to be general in many fields. 

Lack of detail in these sections in no way detracts from the value of thig 
book, which is one that should be in the possession of not only students but 
also the oil company executive and the engineer who may need a referengg 
book dealing with certain branches of Petroleum Technology. 

ALFRED W. Nasu. 


LuBRIcATING O1ts Tests AND THEIR SIGNIFICANCE. J. E. Southcombe 

London, 1934. Germ Lubricants, Ltd. 2s. 6d. 3rd Edition. Pp. & 

In the new edition of his useful publication on lubrication and lubricantg 

which is mainly intended for engineers, oil users and oil salesmey 

Mr. Southcombe has taken the opportunity of giving a little more detail @ 

refining methods and additional chapters on Consumption of Lubricating 
Oil in Oil Engines, and on Cylinder Wear in Automobiles. 


GEOLOGISCHE STUDIEUREISE IN NORDAMERIKANISCHEN ERDOLFELDERE 
Dr. A. Bentz. Berlin and Vienna, 1934. Verlag fiir Fachliterate 
G.m.b.H. Pp. 43. 

A general account of the geology of various oilfields in the United State 
of America. 


** ANALAR ”’ STANDARDS FOR LABORATORY CHEMICALS. British Drug Houseg 
Ltd., and Hopkin & Williams, Ltd. London, 1934. Pp. xvi+2@ 
3s. 6d. (Postage, 6d.) 

This work contains detailed specifications of over 200 laboratory chemical 
the physical and chemical properties being given in each case. The tw 
firms responsible for the publication of this book have collaborated in t& 
unification of their specifications in order that a definite standard of puri] 
should be available. Chemicals conforming to the new standards will & 
designated as “ Analar”’ chemicals, the use of the term “ A.R.” bei 
discontinued, 
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